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THE FAT METABOLISM OF THE MAMMARY GLAND OF THE 
NORMAL COW AND OF THE COW IN KETOSIS 


J. C. SHAW, ROSS C. POWELL, JR., anp C. B. KNODT 


Department of Dairy Industry, Storrs Agricultural Experiment Station, 
University of Connecticut, Storrs, Connecticut 


Evidence was presented in previous publications (31, 33) that sufficient 
blood fat is taken up by the active mammary gland of the cow to account 
for most of the milk fat. More recent publications (24, 28) from this labo- 
ratory demonstrated for the first time the utilization of relatively large 
quantities of the intermediate product of fat metabolism, B-hydroxybutyric 
acid, by the mammary gland of the cow. In ketosis it was observed that this 
utilization was increased by over 100 per cent and would account for the 
total oxygen consumption of the gland if oxidized for energy purposes. 
The acetoacetic acid and acetone fraction was not used in measurable quan- 
tities by the gland of either the normal cow or the cow with ketosis. As it 
is generally assumed that most of the tissues of the body utilize both 
B-hydroxybutyric acid and acetoacetic acid for energy purposes it was con- 
sidered possible that B-hydroxybutyric acid was used in direct synthesis, 
and the suggestion was made that some of the short chain fatty acids pecu- 
liar to milk fat were derived from this source (27). 

In this paper data are presented on the effect of ketosis and glucose 
therapy in ketosis upon the character of the fatty acids synthesized by the 
mammary gland. 

Data are also presented on the source of energy for the mammary gland 
and on the cause of the low respiratory quotient during fasting. The vol- 
ume of blood per unit of volume of milk was calculated by a method less 
open to criticism than methods used previously. 


METHODS 


The following methods of analysis were used: blood glucose, the Somogyi 
(23) modification of the Shaffer-Hartmann method; blood lactic acid, the 
method of Miller and Muntz (19), as modified by Koenemann (16) and 
Barker and Summerson (2); blood acetone bodies, the method of Barnes 
and Wick (3); blood calcium, the Clark-Collip modification (5) of the 
Kramer-Tisdall method ; blood acid-soluble phosphorus, the method of Fiske 

Received for publication May 7, 1942. 
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and Subbarow (7); blood amino acids, the Folin method (8); blood fat, a 
modification (25) of the Allen (1) method; blood oxygen and carbon diox- 
ide, the method of Van Slyke and Neill (37); hemoglobin, Evelyn and 
Malloy (6) ; milk calcium and phosphorus, Morris, Nelson, and Palmer (20) ; 
lactose, the method of Bierman and Doan (4). Milk fat was determined 
by the Babeock method. The various milk fat constants were determined 
by the methods approved by the Association of Official Agricultural Chem- 
ists. The iodine value was determined by the Hanus method. Arterial and 
mammary venous blood samples were taken as previously described (26, 31). 


EXPERIMENTAL 


An examination was made of the effect of severe clinical ketosis, chronic 
ketosis, and the administration of large quantities of glucose in ketosis upon 
the type of fatty acids in the milk fat as measured by the various fat 
constants. 

Table 1 contains a summary of the results. In severe clinical ketosis 
characterized by ketonemia, hypoglycemia and varying degrees of inanition 
the Reichert-Meissl, Polenske, and saponification values of the milk fat were 
considerably below normal and the iodine values were elevated markedly. 
In less severe ketosis and chronic ketosis characterized by ketonemia and 
hypoglycemia but differing from the above in that the food intake was nor- 
mal, the short chain fatty acids were present in more nearly normal quan- 
tities and the degree of unsaturation was much less. 

Two cows, Pa—1 and N-34, were treated for severe ketosis by pumping 
6 lbs. of glucose into the rumen. Blood and milk samples were obtained 
prior to and for the first few days following treatment. The administration 
of glucose produced a marked increase in blood glucose and lactic acid for 
the following 2 days and a decrease in blood ketone bodies. Within 36 to 
48 hours the short chain fatty acids of the milk fat increased significantly 
as shown by the saponification values of the milk fat of animal Pa—1 and the 
Reichert-Meissl and saponification values of the milk fat of animal N-34. 
The appetite of N-34 improved immediately and the increase in the short 
chain fatty acids could have been due in part to the increased intake of food 
substances other than glucose. The increase in the short chain fatty acids 
of the milk fat of animal Pa—1, however, appeared to be due directly to the 
glucose therapy as the animal was almost completely off feed for the first 
2 days following treatment. 

It was expected that the degree of unsaturation of the fatty acids of the 
milk fat would decrease with the increase in the percentage of the short 
chain fatty acids following glucose therapy. Instead there was an increase 
in the iodine numbers of the milk fat of both animals. 

While the Reichert-Meiss] values increased shortly after glucose adminis- 
tration in animal N-34, the Polenske value was not materially affected. 
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TABLE 1 


The effect of ketesis and glucose therapy in ketosis upon the character of the 
fatty acids of milk fat 


| Blood substances Milk fat constants 
time == 4 3 Remarks 


| mg.% | mg.% | mg.% 


| 
P-1 2- 3-41 | 53.7 20.9 | 5.0 | 22.3) 1.5 | 213.5 | 46.8 | Eating small quan- 
tity of hay only 
2- 7-41 15.6 | 36.0 , 3.6 | 25.6) 1.7 | 2164 | 46.7 | Eating hay and 
| | some grain 
2-19-41 | 3.0 42.0 7.4 | 27.2 | 14 | 223.4 | 40.4 | Normal appetite 
3-11-41 | 5.1 | 45.5 | 8.3 | 27.4 | 2.9 | 227.2 | 38.5 | Normal appetite 
W-1, 3-15-41 | 45.1 | 15.5 | 10.5 | 18.0] 0.9 | 212.4 | 464 Very poor appetite 
4-19-41 | 15 | 33.0 5.8 | 31.6 | 2.9 | 229.3 | 34.8 | Normal appetite 
Pa-1 | 5-13-41 | | | 
A.M | 18.5 | 18.2 3.0 a. | 219.4 | 40.6 | Very poor appetite. 
| Pumped 6 lbs. glu- 
cose into rumen 
5-14-41 | 
P.M. $8 1 | 223.2 | 41.5 | Very poor appetite 
15-41 
A.M, 74 | 3D | OS | | 223.4 | 42.3 | Very poor appetite 
5-16-41 
A.M. 223.0 | 42.5 | Appetite improved 
N-34 | 2-18-41 
A.M. 67.3 | 15.5 5.0 | 25.4 | 2.1 | 215.6 | 48.2 | Very poor appetite. 
Pumped 6 lbs. glu- 


| cose into rumen 
2-19-41 
A.M, 18.5 | 46.3 | 26.0 | 25.0 2.5 | 214.8 47.9 | Appetite improved 
2-20-41 
| A.M. 13.7 42.7 10.2 | 28.9 2.3 | 218.8 | 51.4 | Appetite improved 
| 3-11-41 | 33.5 | 25.0 64 | 33.4 | 2.8 | 228.0 | 41.1 | Normal appetite, 
chronic ketosis 
| 4-19-41 | 13.2 | 33.5 6.7 | 35.2 | 3.8 | 230.9 | 35.9 | Normal appetite 


chronic ketosis 
| 5—- 9-41 | 46.1 | 29.2 7.2 | 28.5 | | 226.3 | 42.7 | Normal appetite 
| chronic ketosis 


Likewise, the Polenske value did not increase in the case of animal P-1 until 
several weeks after the Reichert-Meissl value returned to normal. 


DISCUSSION 


Previous work from this laboratory (26, 30) indicated that not only 
B-hydroxybutyric acid but also other fat may be oxidized by the mammary 
gland. In ketosis it was found that the gland used much more 8-hydroxy- 
butyric acid than the gland of the normal cow. As the short chain fatty 
acids of milk fat are lowered markedly in ketosis it is apparent that these 
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fatty acids are not derived from B-hydroxybutyric acid. It is probable, 
therefore, that this substance is oxidized by the gland for energy purposes. 

It is significant that the amount of B-hydroxybutyric acid utilized by 
the gland in ketosis would require practically all of the oxygen taken up by 
the gland for complete combustion, which indicates that all of the energy 
for the gland of the cow with severe ketosis may be derived from the oxi- 
dation of B-hydroxybutyrie acid. If this hypothesis is correct it would be 
expected that there would be a rather constant maximum utilization in 
ketonemia in which the quantity of B-hydroxybutyrie acid taken up by the 
gland would correspond to the energy requirements of the gland. In severe 
ketonemia where a large excess of B-hydroxybutyric acid is available, we 
have found that the gland uses approximately twice as much of this sub- 
stance as the gland of the normal cow and that this utilization remains 
approximately equal to but not significantly in excess of the amount of oxy- 
gen available for its complete combustion. If this is confirmed by work 
now under way, it may be possible to make direct calculations of the total 
energy “requirements of the gland. 

Since the gland in ketosis was found to utilize approximately the same 
quantity of glucose as that of the normal cow (34), it was suggested that 
the increased utilization of B-hydroxybutyric acid was due to a shift from 
the oxidation of B-hydroxybutyrate and other fat of the gland to the sole 
oxidation of the former substance by the gland in ketosis. Assuming that 
this suggestion is valid, it should be pointed out that if the short chain fatty 
acids of milk fat are derived from the oxidation and subsequent reduction 
of the longer chain fatty acids, the former would decrease in ketosis. In 
fact, if the hypothesis suggesting a shift from the oxidation of other fat to 
the sole oxidation of B-hydroxybutyrate is correct, the failure of the short 
chain fatty acids to decrease in ketosis would represent a serious objection 
to the theory (13, 14) that these fatty acids are derived from the longer 
chain fatty acids. 

The data in table 1 shed considerable light upon this problem. It will 
be observed that the short chain fatty acids are lowered considerably in 
severe clinical ketosis. However, these animals were consuming feed at 
sub-maintenance levels and the effect may have been due to fasting which 
is known to produce a decrease in the short chain fatty acids. Observations 
were made on animal W-1 on 4-19-41, and on animal N—34 (a ease of chronic 
ketosis) on 3-11-41, 4-19-41, and 5-9-41. It will be noted that the fatty 
acids of the milk fat approached normal at the time of these observations. 
An increased utilization of B-hydroxybutyrate by the mammary glands on 
these dates would be expected on the basis of previous work (31), as the 
blood ketone bodies were quite high. That such was the case was borne out 
by an arteriovenous experiment on animal N-34 on 5-941 showing a utili- 
zation of 5.0 mg. % of B-hydroxybutyrie acid, which is a little more than 
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double the average normal utilization (28). If there is a decrease in the 
oxidation of fatty acids other than B-hydroxybutyric acid by the mammary 
gland of the cow with ketosis, as suggested, the above findings represent a 
serious objection to the view that the short chain fatty acids are derived 
from the oxidation and subsequent reduction of the longer chain fatty acids. 

It is possible, of course, that the increased utilization of B-hydroxybutyric 
acid by the gland in ketosis may be associated with a decreased oxidation 
of carbohydrate or protein. As some deamination appears to take place in 
the gland (11, 29) the latter possibility must be entertained. Due to the 
limited amount of carbohydrate which has been shown to be available to the 
gland for other than lactose synthesis the suggestion that any such quantity 
of glucose undergoes oxidation in the gland appears unwarranted. The 
possibility of use by the mammary gland of carbohydrate or protein for 
energy purposes will be examined more fully in a later communication. 

The data in table 1 also have some bearing upon the question of the pos- 
sible synthesis of fat from carbohydrate in the mammary gland. It will be 
noted that the blood sugar values of the four cows were extremely low when 
the initial samples were taken, ranging from 15.5 to 20.9 mg. per cent. The 
short chain fatty acids of the milk fat were also lowest at this time. The 
gradual increase in the blood sugar in animal P-1 from 20.9 to 45.5 mg. per 
cent was accompanied by a gradual increase in the percentage of short chain 
fatty acids. Even more striking was the sudden increase in the short chain 
fatty acids following the administration of large quantities of glucose to 
animals Pa—1 and N-34. The Reichert-Meissl, Polenske, and saponification 
values of the milk fat of W-—1 on 3-15-41 were the lowest of all the four 
animals. The blood glucose of this animal had been below 20.0 mg. per cent 
for several days prior to the taking of the samples. The appetite of this 
animal was also extremely poor during this period. The results strongly 
favor the possibility of the synthesis of some of the short chain fatty acids 
of milk fat from carbohydrate. 

Previously it had been reported by Graham et al. (10) that the respira- 
tory quotient of the active mammary gland of the goat exceeded unity. 
This has been confirmed by Shaw and Petersen (32) on cows and Reinecke 
et al. (21) on goats. The latter workers reported that the respiratory 
quotient of the mammary gland of the fasted goat was less than unity. This 
is confirmed on the cow by the data in table 2. The animal was fasted for 
a period of 54 hours. Arteriovenous samples were drawn at the end of 48, 
53, and 54 hours. The milk production of the animal was eight pounds per 
day at the beginning of the experiment, and declined to approximately one 
pound at the time the blood samples were taken. It will be observed that 
the utilization of amino acids, glucose, and fat was extremely small. The 
failure of the gland of the fasted animal to utilize amino acids has been 
reported previously by Reinecke et al. (22). It is possible that this cessa- 


4 


914 J. C. SHAW, ROSS C. POWELL, JR., AND C. B. KNODT 


tion of the utilization of amino acids may be associated with the decline in 
the lower acids of milk fat during fasting. Since the R. Q. of the gland 
of the fasted cow was less than unity it was considered possible that there 
would be an increased oxidation of fat other than B-hydroxybutyrie acid for 
energy purposes, assuming that the normal gland oxidizes other fat. The 
formation of acetoacetic acid would constitute proof of such oxidation. 
However, there was no significant production of this substance. The failure 
to observe the production of acetoacetic acid does not, however, preclude the 
possibility of the oxidation of fat other than B-hydroxybutyrie acid by the 
gland. However, B-hydroxybutyric acid continued to be used at approxi- 
mately half the normal rate. If the latter substance is oxidized for energy 
purposes, it may account, to a large extent, for the low respiratory quotient 
of the mammary gland of the fasted cow, as the complete oxidation of 
B-hydroxybutyric acid would result in an R. Q. of 0.89. The oxidation of 


TABLE 2 


The effect of fasting upon the utilization of various blood substances by the 
mammary gland of the cow 


Period Blood atin | Acetoacetie | B-hydroxy- 
of cone. Glucose Fat ‘acids | 2¢id and butyric R. Q. 
fasting | change | : L acetone acid 
hrs. % mg.% | mg.% | mg.% | mg.% mg.% 
48 0.00 4.8 -1.2 0.00 +0.17 1.22 0.76 
53 0.33 -15 -— 0.10 0.04 + 0.06 -107 | 0.88 
54 0.68 -0.8 | -0.02 +0.11 -0.79 | 0.87 


this substance would also tend to depress the respiratory quotient of the 
gland of the normal cow. As the R. Q. exceeds unity in the latter case, 
considerable synthesis of oxygen-poor from oxygen-rich substances may 
occur. 

We have observed that the feeding of cod liver oil, which produces a 
marked decrease in the short chain fatty acids, also results in a low respira- 
tory quotient (27). The decline in the short chain fatty acids which we 
observed following glucose administration (15, 27) appears to have been due 
to the animals going off feed, as our more recent work (15) has shown that 
the feeding of large quantities of glucose in addition to the usual ration 
does not materially affect the various fat constants. 

There are a number of serious objections to the hypothesis that milk fat 
is synthesized from carbohydrate and definite conclusions will have to await 
the results of further investigation. The fact that the gland uses sufficient 
blood fat to account for practically all of the milk fat (31) cannot be 
ignored. Further work bearing upon this aspect of the problem is sum- 
marized in table 3. In these experiments the volume of blood per unit of 
volume of milk was calculated on the basis of the arteriovenous differences 
of calcium and phosphorus, and the total amounts secreted in the milk in 
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TABLE 3 
Mammary gland balance 
Gland Suggested end Liters | Ratio of | Per cent 
Blood utiliza- product Liters of of blood of milk 
tion per 24-hr blood milk volume | substance 
— liter of Milk roduc- | Tequired | pro- | tomilk | accounted 
blood | substance | P tion duced | volume for 
gm. | gm, 
Expt. 1 | 
Calcium .... 0.0023 | Calcium 28.50 | 12404.5 | 25.30 493-1 | 
. = 0.0024 Phos. 20.09 8370.8 ; 331-1 
Ca & P....... | 0.0047 Ca & P 48.59 | 10338.5 ; 408-1 | 
Fat ........ | 0.0646 | Fat | 787.0 | 12182.7 482-1 | 84.6 
Glucose ... | 0.1000 Lactose | 1236.0 | 12364.6 oe 489-1 | 81.4 


Arteriovenous blood concentration change: 0.69 per cent. 


Expt. 2 | | 
Caleium 0.0016 | Caleium 17.69 | 11056.3 17.58 | 629-1 | 
/ Phos. . | 0.0022 | Phos. 15.88 7218.2 a 411-1 
| Ca & P 0.0038 Ca & P 33.57 8834.2 502-1 ; 
| Fat . | 0.0618 Fat 507.1 8205.8 7 | 467-1 107.9 
i Glucose .... | 0.1010 | Lactose 880.4 8762.0 | 496-1 101.2 
p-OHBut. .. | 0.0167 | | 
Arteriovenous blood concentration change: 0.00 per cent. 
Expt. 3 | | 
Calcium .... | 0.0020 Caleium | 21.62 | 10810.0 17.71 610-1 
Phos. .......... | 0.0020 Phos. 18.10 9050.0 |. 511-1 
0.0040 Ca&P | 39.72 9930.0 561-1 
ee 0.0674 | Fat | 720.3 | 10687.2 |... | 603-1 93.3 
Glucose ..... 0.1180 Lactose 915.8 8608.6 486-1 115.4 
p-OHBut. .. | 0.0147 | 
: Arteriovenous blood concentration change: 0.00 per cent. 
Expt. 4 
Calcium. ...... 0.0025 | Calcium 21.62 8648.0 17.71 488-1 
Phos. ........... | 0.0021-—| Phos. 18.10 8657.1 489-1 
0.0046 | Ca & P 39.72 8652.0 488-1 
i ee 0.0724 Fat 720.3 9949.2 = 562-1 86.8 
Glucose ...... 0.1220 | Lactose 915.8 7506.7 424-1 115.3 
A~teriovenous blood concentration change: 0.47 per cent. 
Expt. 5 | 
Calcium ..... 0.0019 | Caleium | 23.13 | 12173.7 | 18.72 650-1 
0.0020 | Phos. | 15.87 424-1 
0.0039 | Ca&P | 39.00 | 10000.0 | | 535-1 
, . | 0.0760 Fat 802.9 10560.8 | 564-1 94.8 
Glucose .. 0.1200 Lactose | 978.9 8157.3 | 546-1 97.9 
Arteriovenous blood concentration change: 0.00 per cent. 
Summary | 
Calcium ..... 0.0021 | Caleium 22.52 | 10931.1 19.40 563-1 
0.0021 | Phos. 17.61 8246.2 425-1 
Ca & P ....... | 0.0042 | Ca& P 40.13 9588.6 saat 494-1 ered 
eee 0.0684 | Fat 707.5 10317.1 =< 532-1 92.8 
Glucose ..... | 0.1122 | Lactose | 985.5 9070.7 468-1 105.5 


Arteriovenous blood concentration change: 0.23 per cent. 


916 J. C. SHAW, ROSS C. POWELL, JR., AND C. B. KNODT 


a period of 24 hours. Determinations were also made of the utilizations of 
glucose, fat, and B-hydroxybutyrie acid. The calcium, phosphorus, and fat 
were determined on plasma and were therefore converted to whole blood 


concentrations on the basis of the hematocrit values. The total amount of . 


lactose and fat secreted in the 24-hour period was also determined. This 
method has the advantage over that used by Graham (9) in that excitation, 
which markedly affects arteriovenous differences (31), is largely avoided. 
If normal arteriovenous values are obtained and the total secretion of milk 
substances determined, it is not necessary to attempt to measure the rate 
of blood flow. It has a further advantage over the previous work of Shaw 
and Petersen in that the milk was analyzed in each experiment instead of 
taking the average analysis of the herd-milk. Ratios calculated on the basis 
of calcium and phosphorus utilization and secretion indicate that sufficient 
blood fat is taken up by the gland to account for 92.8 per cent of the total 
fat secreted. The per cent of milk fat accounted for by blood fat on this 
basis ranged from 84.6 to 107.9 for the five experiments. 

Smith and Dastur (35) found an inverse relationship between the oleic 
acid and the lower acids in experiments with fasted cows, and suggested that 
the lower acids are formed as by-products in the synthesis of oleic acid from 
carbohydrate. Reinecke et al. (21), finding that the respiratory quotient 
of the mammary gland of the fasted goat was less than unity, suggested 
that only the lower acids were synthesized from carbohydrate. However, 
the fact that the R. Q. of the gland of the normal animal is greater than 
one, and that of the fasted animal less than one does not in any way con- 
tradict the suggestion of Smith and Dastur that the lower acids are by- 
products of the synthesis of oleic acid from carbohydrate. This is especially 
true as the synthesis of the lower acids only, from carbohydrate, would not 
explain the apparent inverse relationship between the lower acids and oleic 
acid. However, from the data presented in table 3 and on the basis of 
previous work it is apparent that sufficient blood fat is utilized by the mam- 
mary gland to account for most of the milk fat. It therefore appears highly 
improbable that both oleic acid and the lower acids of milk fat are synthe- 
sized from carbohydrate. It is true that a small quantity of oleic acid may 
be synthesized in this fashion, in which case the lower acids scarcely can be 
considered as by-products. This objection may be obviated to some extent 
if fat other than B-hydroxybutyrie acid is oxidized for energy purposes, as 
has been suggested previously (24). 

Hilditch (12) has emphasized that any explanation of milk fat formation 
must be able to account for the presence of unsaturated acids other than 
oleic acid in which the ethylenic linkage is situated in the same position as 
in oleic acid. He has also insisted that the explanation must account for 
**the very specific and characteristic relationships of fully saturated glycer- 
ide conient to total unsaturation.’’ He has suggested that the short chain 


| 
| 

| 
| 
| 

a i 

4 
| 
{ 
4 
| 
& 


FAT METABOLISM OF THE MAMMARY GLANDS 917 


fatty acids arise from the oxidation and subsequent reduction of oleo- 
glycerides. Hilditch and his colleagues have also suggested that ‘‘the final 
mixture of component glycerides is the consequence of a bio-hydrogenation 
process which has operated after the precursor fatty acids (mainly palmitic 
and oleic) have been assembled into triglycerides.’’ The data of Shaw and 
Petersen (31) favor the proposal that the lower acids are the result of the 
oxidation and subsequent reduction of the longer chain fatty acids and they 
have suggested that this oxidation takes place to supply energy for the 
active mammary gland. In opposition to this suggestion is the finding of 
Graham (10) and others that the respiratory quotient exceeds unity. How- 
ever, the respiratory quotient may be misleading and cannot in itself be 
accepted as conclusive evidence of the type of metabolism taking place in 
any one organ (36). However, it is difficult to reconcile the suggestion that 
the lower acids are derived from the oleo-glycerides with the findings (table 
1) that there is a simultaneous increase in both the lower acids and in un- 
saturation following the administration of glucose to cows with ketosis. It 
is possible that the lower fatty acids and a small proportion of the oleic acid 
may be synthesized from carbohydrate. Possibly the increase in unsatura- 
tion following glucose therapy was due to the formation of lower unsat- 
urated fatty acids as well as oleic acid. It is significant that butyric and 
caproic acids, as shown by the Reichert-Meissl values, account for most of 
the increase in the lower acids following glucose therapy. The caprylic and 
caprie acids, as shown by the Polenske values, did not increase following 
glucose administration and in some cases did not return to normal for sev- 
eral weeks after the butyric and caproic acids had regained the normal level. 

Considerable work has been done on the utilization of carbohydrate by 
the lactating mammary gland, and previous publications (9, 26) indicated 
that practically all of the available glucose and lactic acid taken up by the 
mammary gland is required for lactose synthesis, leaving little available 
capacity for fat synthesis or for energy purposes. A small additional up- 
take of carbohydrate in the form of glycoprotein has been reported (22). 
We have found in recent studies (unpublished) that the active gland uses 
very little lactic acid, contrary to earlier reports (9, 26). Of even greater 
significance is our recent work (34) in which we were unable to demon- 
strate any material decrease in the utilization of glucose by the gland of 
the cow suffering from severe hypoglycemia in ketosis, although there was 
a marked decrease in the lower acids of the milk fat. 

The data in table 3 indicate that the amount of glucose taken up by the 
mammary gland may be slightly in excess of the amount required for lactose 
synthesis and suggest that a small quantity may be available for fat syn- 
thesis or for energy purposes. While such calculations undoubtedly involve 
some error, they do show that most of the milk fat and milk sugar are prob- 
ably derived from blood fat and blood glucose respectively. 
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As the body obtains all of its glucose from protein and the glycerol por- 
tion of fat after the first few days of fasting, blood glucose continues to be 
available to the mammary gland and the level of blood glucose does not 
decline readily to the low levels observed in severe ketosis. The possibility 
must be considered, therefore, that in fasting and in ketosis substances pres- 
ent in the liver which may be the precursors of the short chain fatty acids 
of milk fat may be depleted by their conversion into glucose for use by the 
mammary gland and other tissues. Likewise, although the administration 
of glucose in ketosis resulted in an increase in the volatile short chain fatty 
acids of milk fat, it is possible that the precursors of these fatty acids were 
preformed in the liver or even in the rumen. 

In addition, a careful analysis of the data in table 1 indicates that other 
factors may be involved. The milk fat constants of animal N—34 on 4-19-41 
were normal in every respect, yet the animal exhibited considerable hypo- 
glycemia. A somewhat similar picture may be observed in this animal on 
3-11441 with a blood glucose value of only 25.0 mg. per cent. Likewise the 
milk fat constants for animal W-1 on 4-19-41 had returned to normal al- 
though the blood glucose value was only 33.0 mg. per cent. In all these 
cases the animals, although exhibiting hypoglycemia, were consuming feed 
quite normally. It will also be noted that the small but significant increase 
in the short chain fatty acids following the administration of glucose to 
animal Pa—1 occurred within the first 36 hours and that no further increase 
occurred although the blood glucose was higher on the following day. It 
may well be that rumen digestion plays a more important role in the syn- 
thesis of milk fat than we have been led to believe. Complete fasting for 
as little as two or three days produces a much greater decline in the short 
chain fatty acids than we have observed in ketosis, yet the level of blood glu- 
cose is much lower in severe ketosis. Perhaps milk fat precursors other than 
those generally given consideration have their origin in the rumen. In addi- 
tion consideration must be given to the possible importance of the various 
vitamins synthesized in the rumen, some of which have been shown to be 
necessary for the synthesis of fat from carbohydrate (17, 18). 


SUMMARY 


1. In severe ketosis, characterized by ketonemia, hypoglycemia, and vary- 
ing degrees of inanition, the short chain fatty acids of milk fat were con- 
siderably below normal. Consequently B-hydroxybutyrie acid cannot be con- 
sidered the precursor of these fatty acids. 

2. On the basis of the present evidence it appears that B-hydroxybutyrie 
acid is one of the chief sources of energy for the active mammary gland. 

3. The administration of large quantities of glucose to cows with ketosis 
was followed by a significant increase in the water-soluble steam-volatile 
fatty acids of milk fat within 36 to 48 hours. This was accompanied by an 
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increase in the unsaturation of the fatty acids. The water-insoluble steam- 
volatile fatty acids were not immediately affected, but increased following 
the recovery of the animal. 

4. The short chain fatty acids of milk fat are not decreased nearly as 
much by ketosis as by short periods of fasting, although the blood glucose 
is usually lowered at least 50 per cent more by severe ketosis than by a few 
days of fasting. 

5. The percentage of short chain fatty acids in the milk fat are much 
more closely associated with food intake than with the level of blood glucose, 
lactie acid, or acetone bodies. 

6. The low R. Q. of the mammary gland of the fasted cow is probably 
due, in part, to the oxidation of B-hydroxybutyrie acid. 

7. In five experiments the total amount of blood traversing the mam- 
mary gland in a period of 24 hours was calculated from the utilization of 
calcium and phosphorus per 100 ce. of blood and the total amounts of eal- 
cium and phosphorus secreted in a 24-hour period. Each unit of volume of 
milk required 494 volumes of blood. Similar analyses indicated that the 
blood fat removed would account for 92.8 per cent of the milk fat secreted, 
and that the blood glucose removed would account for 105.5 per cent of the 
lactose. 
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THE EFFECT OF COPPER ON LIPASE ACTIVITY IN 
CHEDDAR CHEESE 


I, HLYNKA, E, G, HOOD, anp C. A. GIBSON 


Division of Chemistry, the Division of Bacteriology and Dairy Research,: Science Service, 
and the Division of Animal Husbandry, Experimental Farms Service, 
Department of Agriculture, Ottawa, Canada 


A knowledge of the properties and the behavior of milk lipase is neces- 
sary in order to understand certain lipolytic changes which take place in 
milk and milk products. In a previous publication (3) the authors pre- 
sented evidence to show that active milk lipase is in a reduced chemical 
state; that mild oxidation such as aeration in the presence of copper inacti- 
vates it; and that reactivation of milk lipase is possible by means of appro- 
priate reducing systems. 

Although these results were obtained from experiments on raw milk it 
was possible to draw certain conclusions regarding the probable behavior 
of milk lipase in raw milk cheddar cheese in relation to the development of 
rancid flavor. It was stated that the effectiveness of oxidative inhibition 
of milk lipase would be offset by the reducing systems in the cheese. It was, 
however, necessary to check our findings with the making of experimental 
cheese. Accordingly, the effect of copper on added pancreatic lipase in 
cheddar cheese is reported, confirming our previous conclusions. 

In all, 10 comparison or duplicate vats of cheese (2) were made. Each 
pair of cheese was identical in every respect and included the same amount 
of pancreatic lipase added to the cheese milk. The first cheese of each set, 
however, contained added copper (CuCl, was used), while its mate did not. 
The level of pancreatic lipase used ranged from 0 to 2.5 gm. per 1000 lbs. 
milk. This gave both suboptimal and sufficient amounts of lipase necessary 
to produce a rancid flavor in the cheese. The amounts of copper were 2 and 
5 parts Cu per million parts milk, levels which were known to be effective 
in inhibiting lipase on the basis of our previous experiments. The finished 
cheese were cured under the usual conditions and were graded for flavor at 
suitable intervals. 

During the manufacture of these cheese a striking difference was noted 
in the flavor of the curd in the two vats, the difference being most pro- 
nounced at the milling stage. The curd in the vat which contained added 
copper was less rancid and generally superior in flavor to its mate to which 
no copper had been added. However, grading figures on the cheese after 
two weeks and subsequently showed no significant differences in the flavor 
seores. Detailed data are, therefore, not included. 
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The results obtained with experimental cheese confirm those previously 
found with milk. The main conclusion is that copper is not an effective 
lipase inhibitor in cheddar cheese. That copper does inactivate added 
lipase follows from the suppression of rancid flavor development while the 
cheese is in the curd stage. That this effect is not permanent is indicated 
by the fact that no significant difference in the flavor scores or in the inten- 
sity of rancid flavor was found at grading. The explanation for this is to 
be found in the reactivation of oxidatively inactivated lipase in presence of 
the reducing systems of cheese. Although copper is known to raise the 
oxidation-reduction potential of cheese (1) this rise is apparently insuffi- 
cient to alter the conditions in the cheese appreciably. The potential of 
the cheese still remains at a sufficiently negative value to be able to reduce 
any oxidized lipase to its active condition. It is therefore unlikely that 
slight variations of the oxidation-reduction potential or copper contamina- 
tion would have any effect on the spontaneous development of rancid flavor 
under commercial conditions. Two other points may be noted in passing. 
The behavior of pancreatic lipase is very similar to that of milk lipase and, 
therefore, the use of the former for experimental purposes in dairy research 
seems justifiable. Also experiments with milk, used judiciously, are of 
value in the study of cheese. It is understood, of course, that such experi- 
mental expedients as these must ultimately be confirmed on the basis of 
cheese manufacture. 

SUMMARY 


Although copper inhibits lipase activity in milk under ordinary condi- 
tions it is ineffective as a lipase inhibitor in cheddar cheese. This is attrib- 
uted to the strongly reducing potential of the cheese. 
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THE UTILIZATION OF UREA BY RUMINANTS AS INFLUENCED 
BY THE PRESENCE OF STARCH IN THE RATION* 


R. C. MILLS, A. N, BOOTH, G. BOHSTEDT, anp E. B. HART 


Departments of Biochemistry and Animal Husbandry, College of Agriculture, 
University of Wisconsin, Madison, Wis. 


In an earlier publication (3) we discussed the influence of the level of 
protein in the ration on the utilization of urea by a heifer with a rumen 
fistula. The data indicated that when the protein level in the concentrate 
mixture was above 18 per cent, any added urea was poorly converted into 
protein. The concentrate mixture used in these experiments consisted of 
natural grains with a high content of starch. Apparently at high levels of 
protein intake, even in the presence of a fermentable carbohydrate, the pro- 
teins themselves share or become prominent sources of nitrogen for the de- 
veloping flora of the rumen. This information is of practical importance 
and would govern the level of protein and urea most suitable for maximum 
urea utilization in any feed formula. 

Another question of equal importance in relation to the problem of urea 
utilization is one centering around the presence of carbohydrate in the ration. 
Would it be possible to meet the nitrogen requirement of a polygastric ani- 
mal receiving timothy or similar hay only by the addition to the ration of 
urea? This is assuming that timothy (or alfalfa) hay has little readily 
fermentable carbohydrate in the sense that its carbohydrate content could 
be changed to a soluble sugar which could then serve as a ready source of 
energy for a developing flora. Would a material like sugar cane residue, 
sugar beet pulp, or orange pulp fortified with urea be an efficient nitroge- 
nous ration for a dairy cow? These questions must be answered before a 
general application of urea feeding can be put into practice. It will be 
necessary to investigate the influence of the kind and quantity of carbohy- 
drate in the ration on the most efficient utilization of urea if wastefulness 
of urea nitrogen is to be avoided. It is apparent from data (2) secured in 
the feeding of milch cows, as well as through rumen studies, that urea is 
well utilized when added to a grain mixture of corn and oats with their 
abundant supply of starch. Diastatie action of microbiological origin in 
the rumen is rapid. Further, the addition of corn molasses to a grain ration 
did not inerease the efficiency of urea utilization. 


EXPERIMENTAL 


Our first experiments were concerned with the influence of starch on the 
utilization of urea. For this study we used a 1,000 pound Holstein heifer 
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with a rumen fistula equipped with a removable rubber plug to facilitate 
sampling. The animal was fed twice daily, at 8 a.M.and8p.m. The plan 
of the experiment was as follows: 

Period 1—Timothy hay only. 

The hay was run through a hammer mill. Twelve pounds per day were 
allowed. The animal received this ration for a period of 3 weeks before 
sampling was begun. After 3 weeks as an adjustment period samples of 
rumen content were taken twice a week (Friday and Sunday) for a period 
sufficiently long to insure constancy in the determinations. Samples were 
taken at intervals of 1, 3, and 6 hours after feeding. About a kilo of ma- 
terial was taken, of which 400 grams were used for the dry matter determi- 
nation and 20 gram triplicate samples of the wet material for urea, ammonia, 
and total nitrogen determinations. The urea was determined by the urease 
method and the ammonia by magnesium oxide distillation. Ammonia-N 
and protein were calculated as per cent of the total dry matter present. 
Protein was calculated as (total N minus NH,—N) x 6.25. In succeeding 
periods the procedure was the same as in Period 1; between periods, 3 weeks 
on the new ration were always allowed before chemical studies were under- 
taken. 

Period 2—Timothy hay 10 pounds + corn starch 4 pounds daily. 

Period 3—Timothy hay 10 pounds + starch 4 pounds + urea 150 grams 
daily. 

Period 4—Timothy hay 10 pounds + urea 150 grams daily. 

Period 5—Timothy hay 10 pounds + starch 4 pounds + casein 0.4 pound. 
This amount of casein is approximately equivalent in amount to the protein 
of 4 pounds daily of a mixture of corn and oats. 

Period 6—Timothy hay 10 pounds + starch 4 pounds + casein 0.4 pound 
+ urea 150 grams daily. 

The data are summarized in table 1, and in figure 1 a graphic display 


TABLE 1 


The record of the rate of disappearance of ammonia and increase of protein in the 
rumen of a heifer 


| Ammonia-N Protein 
(Per cent of dry (Per cent of dry 
Ration weight) weight ) 
1 3 6 1 3 
hour | hours} hours | hour | hours | hours 
| % | % | % | % 
1. Timothy hay . 0.04 | 0.03 | 0.03 | 8.0 8.3 8.2 
2. Timothy hay + starch 0.03 | 0.02 | 0.02 6.8 6.8 6.9 
3. Timothy hay + starch + urea | 0.19 | 0.13 | 0.04 | 9.5 | 9.7 10.7 
4. Timothy hay + urea | 0.15 | 0.23 | 0.11 | 7.8 | 7.7 7.5 
5. Timothy hay + starch+ casein . | 0.09 | 0.06 | 0.03 9.0 8.8 9.2 
6. Timothy hay + starch + casein +urea ... | 0.20 | 0.27 | 0.18 | 9.4 | 88 | 9.2 
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of the important results is presented. When timothy hay alone was fed 
(Period 1) both the ammonia-N and total protein were at low levels, and 
remained almost constant throughout the trial period. When urea was fed 
with the hay (Period 4) hydrolysis of the urea to ammonia was delayed, 
being incomplete at one hour after feeding, and disappearance of the am- 
monia was very slow, about half remaining as such in the paunch six hours 
after feeding. The protein level was slightly lower than on timothy hay 
alone. From these results it is evident that no abundant and active flora 
was operating in the rumen. 

In contrast, when starch was fed in addition to the timothy hay and urea 
(Period 3), microbiological activity was very great. The urea was com- 
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Fig. 1. Protein and ammonia-N levels of rumen contents as influenced by starch. 


pletely hydrolyzed in less than one hour, and the ammonia thus formed had 
practically all disappeared in six hours. As the ammonia-N level fell there 
was a concurrent rise in protein, indicating that the ammonia was being built 
into protein. The total rise in protein was approximately equivalent to the 
amount of ammonia disappearing from the paunch in the same period. 

The rapid hydrolysis of the urea, the speedy disappearance of the am- 
monia thus produced, and the marked rise in protein content all are evidence 
of a very active flora. That the flora was very abundant is indicated by the 
fact that the protein level when timothy hay, starch, and urea were fed was 
from 2.0-3.5 per cent higher than when timothy hay and urea or timothy 
hay and starch were fed. This difference in protein content can be due only 
to the bacterial proteins present, since the amount of protein supplied in the 
ration was the same in all cases. ‘ 


The only effect of starch, when fed with timothy hay (Period 2) was to 
dilute the hay, lowering the protein level to below 7 per cent of the total dry 
matter. There was no evidence of increased microbiological activity on the 
rumen contents. 
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It was thought that the addition of small amounts of preformed amino 
acids (as casein) might cause more efficient utilization of the urea. How- 
ever, unexpected results were obtained in periods 5 and 6. When urea was 
added to timothy hay, starch, and casein, the initial analyses showed efficient 
utilization of the urea, but as the period progressed the utilization decreased, 
and at the end of six weeks there was little or no utilization. Hydrolysis of 
the urea was complete only after three hours, most of the ammonia was still 
present as such in the paunch after six hours, and the protein level was the 
same as that found without urea. These results are difficu!t to explain, as 
the casein level of 0.4 pound per day was the same as the amount of corn 
and oat protein fed when a grain mixture of equal parts of corn and oats 
was used in addition to a daily ration of corn silage and timothy hay. On 
this ration there was efficient utilization of urea. It is possible that there 
was something about the constitution of casein that made it a preferred 
nitrogen source as compared with the urea. However, this would still not 
explain the slow rate of hydrolysis of the urea to ammonia. 

It is possible that the casein caused a drastic change in the character of 
the flora, with a resulting change in rate of urea utilization. This influence 
of casein should be studied further and should be accompanied by a thorough 
study of the rumen flora. 

DISCUSSION 


It is evident that only when adequate fermentable carbohydrate (starch 
in this experiment) is included in the ration can urea be utilized at a maxi- 
mum rate and efficiency in the rumen of the cow. Its function is undoubt- 
edly to serve as a readily available energy source for the microorganisms, 
enabling them to build new protoplasm in which the nitrogen from the urea 
is incorporated. That very large amounts of protein can be built by the 
organisms from a simple organic nitrogen source like urea is shown by the 
fact that the addition of urea to timothy hay and starch causes a rise in the 
protein content of the rumen from 6.8 to 10.7 per cent, or a 57 per cent 
increase. Most of the urea nitrogen is built into protein; the amount of 
NH, —N disappearing from the rumen contents in six hours (Period 3) is 
approximately equivalent to the nitrogen contained in the additional pro- 
tein formed. This additional protein is undoubtedly utilized by the cow, 
breakdown products of the bacterial protein being absorbed either farther 
along in the gastro-intestinal tract, or possibly in the rumen itself. It has 
been shown that dextrose is rapidly absorbed directly from the rumen of the 
sheep (1) and it is quite possible that amino acids may also be absorbed there. 

The effect of various ration constituents on the efficiency and rate of 
urea utilization should be thoroughly studied, so that when and if urea be- 
comes a practical nitrogen source for the farmer, urea-containing rations 
ean be intelligently constructed to obtain the best results with as little waste 
as possible. 
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The relation of other carbohydrates to urea utilization are being studied, 
and the results will be published later. 


SUMMARY 


1. Further studies on urea utilization in the rumen fistula heifer are 
reported. 

2. With timothy hay as the sole ingredient of the basal ration, utilization 
of added urea took place only partially, if at all. In the presence of starch 
a suitable substrate was provided for the development of an active flora and 
urea was efficiently utilized. 

3. When casein was added to a timothy hay-starch-urea ration the utili- 
zation of urea was markedly reduced. 
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THE EFFECT OF SHARK LIVER OIL ON MILK AND BUTTER 
FAT PRODUCTION® * 


CURTIS JENSEN, PAUL D, BOYER, PAUL H. PHILLIPS, I. W. RUPEL 
AND N. 8. LUNDQUIST 
Department of Biochemistry, University of Wisconsin, Madison 


The detrimental effect of cod liver oil upon milk and butter fat produe- 
tion has been shown by Golding e¢ al. (6) and others (7, 9,11). Recently 
Deuel and co-workers (2, 5) reported that the feeding of shark liver oil high 
in vitamin A potency increased the milk and butter fat production of Guern- 
sey cows 10 per cent or more. These workers fed 30 to 60 cc. of shark liver 
oil daily which was sufficient to furnish a daily intake of 700,000 to 1,400,000 
1.U. of vitamin A. Practical farm supplements of shark liver oil with a vita- 
min A potency of 7,500 1.U. per gram have been fed to milking cows at the 
rate of 15-25 grams per cow per day without any noticeable effect upon 
either milk or butter fat production (13). 

Further experiments have recently been conducted to determine the effect 
of shark liver oil feeding upon milk production, butter fat percentage and 
vitamin A in blood plasma and milk. The results of these experiments are 
reported herewith. 

EXPERIMENTAL 


The first experiment extended from February 5, 1941, to April 2, 1941, 
and was designed to determine if shark liver oil could be safely used as a 
vitamin A supplement for dairy cattle. For this purpose seven cows in the 
late stages of lactation were used; three Holsteins, two Guernseys, and two 
Brown Swiss. They were fed 25 cc. of shark liver oil* with a potency of 
either 7,500 or 15,000 1.U. of vitamin A per gram (187,000 and 375,000 LU. 
of viamin A per day). 

With the appearance of the report of Deuel and co-workers (2) a second 
experiment was conducted from May 24, 1941, to July 11, 1941, since the 
levels of vitamin A fed in our first experiment were not as large as those used 
by Deuel. Five cows just past their peak of milk production were fed 90 ce. 
of shark liver oil daily with a potency of 15,000 I.U. of vitamin A per gram. 
A second lot of five cows which were comparable in milk production and 
stage of lactation was used as a control lot on milk and butter fat production. 
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Unfortunately, the shark liver oil feeding was interrupted from June 16th to 
June 30th in this experiment, therefore, the actual feeding period covered 
only 48 days. 

A third experiment was then outlined to check Deuel’s levels of shark 
liver oil feeding exactly. The cows were put under preliminary observation 
from November 5, 1941, until December 5, 1941, then shark oil feeding was 
started. Three lots of cows were used. As in the previous experiments, the 
cows were maintained on the regular University milking herd ration and 
were fed the shark liver oil as later indicated. Eight cows in Lot I, which 
included three Holsteins, three Guernseys, and two Jerseys, were fed the 
herd ration without added shark oil. Lot II was composed of two Holsteins, 
one Jersey, and one Guernsey. They were fed the herd ration plus 50 ce. 
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Fic. 1. Average daily milk and butterfat production. 


daily of shark liver oil containing 26,650 I.U. of vitamin A per gram. Thus 
their vitamin A intake from the oil represented 1,332,500 I.U. of vitamin A 
per day and closely approximated Deuel’s levels of feeding. Lot III, com- 
posed of two Jerseys, two Guernseys, a Brown Swiss and a Holstein, was fed 
the herd ration plus 50 ce. daily of shark liver oil with a vitamin A potency 
of 15,400 I.U. per gram or an additional vitamin A ingestion of at least 
770,000 I.U. per cow per day. Most of the cows were in the first part of their 
lactation period. One Jersey in Lot I and one in Lot II were eliminated 
before the close of the experiment because they were going dry, otherwise, 
the rest freshened early enough to obtain preliminary blood plasma and milk 
data or were fresh at the beginning of the experiment. 

Blood plasma vitamin A and carotene were determined by the method of 
Kimball (8). Ascorbic acid was determined by the Mindlin and Butler 
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method (10). The vitamin A and carotene in the milk was determined by 


a modification of the procedure of Olson, Hegsted, and Peterson (11).* 


RESULTS 


It is apparent from figure 1 and table 1 that feeding 25 to 90 ce. of shark 
liver oil daily had no demonstrable, and particularly no stimulating effect 
upon the milk or butter fat production or upon the per cent of butter fat. 
This lack of effect was noted whether the animals were given 117,500 I.U. or 
as much as 1,350,000 I.U. of vitamin A per day. 


TABLE 1 


The effect of shark liver oil feeding upon milk and butter fat production and the 
vitamin A and carotene content of milk, Experiment III 


| Lot I —_— Lot II Lot III 
| Basal ration Basal + 26,650 unit oil Basal + 15,400 unit oil 
| Ave. Ave, | Ave: Ave, | Ave: 
Period | Ave. | vita. daily Ave. Ave vita daily | ave, | Ave vita- | 247 | Ave. 
caro milk > | caro milk earo- milk 
min B.F. min |_. BF., min | B.F., 
tene,| 4 yield % tene, a. ield, % tene, A yield, 
y/ee Jee lb. y/ece. | Jee lb. y/ce. lb. 
| (4%) | WEE) (4%) (4%) 
Preliminary period 
Ist wk. | 26.1 | 5.0 | 314 | 44 24.7 | 4.3 
2nd wk. | 30.5 | 4.4 23.8 | 4.3 
3rd_ wk. ema er 30.8 | 4.3 ; 29.7 | 4.4 | 24.9 | 4.3 
4th wk. | 0.32 | 0.14 | 34.3] 4.5 | 0.31 | 0.15 | 324] 4.2 | 0.31 | 0.12 | 24.7 | 4.3 
Experimental period 
Ist wk. | 0.38 | 0.15 | 34.8 | 4.4 | 0.24 | 0.45 | 349] 4.5 | 0.385 | 042 | 23.6) 4.3 
2nd wk. | 0.31 | 0.20 | 34.2 | 4.4 | 0.26 | 0.78 | 34.7 | 4.3 | 0.28 | 0.75 | 23.6 | 4.3 
3rd_wk. | 0.33 | 0.20} 35.2 | 0.18 | 0.89 | 33.6] 4.3 | 0.23] 0.63 | 234 44 
4th wk. ee 34.4 | 4.0 | 33.8 | 4.3 23.8 | 4.3 
5th wk. | 0.30 | 0.21 | 35.0 | 4.3 | 0.17 | 0.96 | 34.3 | 4.8 | 0.20 | 0.80 | 22.4) 4.0 
6th wk. | 0.30 | 0.24 | 33.8] 4.4 | 0.15 | 0.88 | 31.0 | 4.1 | 0.20 | 0.54] 23.9 | 4.3 
7th wk. | 0.31 | 0.19 | 32.4 | 4.4 | 0.09 | 0.73 | 29.4] 4.1 | 0.25 | 0.63 | 23.3 | 4.3 
8th wk. | 0.35 | 0.19 | 34.2] 4.9 | 0.14 | 0.97 | 29.6 | 4.5 | 0.18 | 0.75 | 23.5 | 4.6 


The feeding of shark liver oil brought about a distinct rise in the blood 
plasma vitamin A concentration as shown by table 3. It appears from these 
data that an equivalent level of blood plasma vitamin A was attained by 
feeding either the 15,400 or the 26,650 unit shark liver oil. It is apparent 
that the cows used in this experiment were adequately fortified with vitamin 
A at the beginning of the experiment since the blood plasma vitamin A was 
0.19 microgram or more per cc. There was a marked decline of carotene in 
the blood plasma with the progress of the experiment in those lots receiving 
vitamin A supplements (tables 2 and 3) as compared with controls or their 
own original base level of carotene in the blood. The explanation of this 
phenomenon is not at the moment clear. 


4 Details of this procedure will be published later. 
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There seemed to be no beneficial effect upon the ascorbie acid content of 
blood plasma as the result of feeding massive doses of vitamin A to these 
cattle which were in good nutritive condition and whose blood plasma indi- 
cated ample vitamin A at the beginning of the experiment. This is in con- 
trast to the increase in blood plasma vitamin C which resulted when cattle 
with low plasma vitamin A values were fed additional vitamin A (1). 

The carotene content of the milk likewise dropped during the course 
of the shark liver oil feeding. The control lot in experiment III showed 


TABLE 2 
The blood plasma carotene values 


Carotene, y/ce. 


1/24/41 4/2/41 


Cow No. and breed 


Experiment I. Shark liver oil potency 7500 I.U. per gram 


123 H | 2.5 11 
844 BS 1.9 1.9 
465 G | 7.3 3.3 
Shark liver oil potency 15,000 I.U. per gram 
90 H | 2.4 | 0.72 
131 H 2.1 1.10 
467 G 5.1 3.20 
3.1 2.2 


851 BS | 


Experiment II. Shark liver oil potency 15,000 I.U. per gram 


| 5/24/41 7/11/41 

58 H 15.96 7.80 
63 H 15.50 5.08 
96 H 14.14 6.22 
840 BS 10.21 6.83 
1438 H | 12.39 5.55 
1480 H | 16.46 5.60 


0.32y /ce. during the preliminary experimental period (table 1). This fluctu- 
ated very little or none throughout the eight weeks under experimental obser- 
vation. The carotene content of the milks of lots II and III was 0.31 during 
the preliminary period, while at the end of the shark liver oil feeding period 
these values had fallen to 0.14 and 0.18y/ce. respectively. Meanwhile the 
vitamin A content of the Lot I milk remained nearly constant at 0.20y of 
vitamin A per ce. During the shark liver oil feeding the vitamin A content 
of the milks rose from 0.15 to 0.97y/ce. and from 0.12 to 0.75y/ce. for lots II 
and ITT, or a sixfold increase. 


DISCUSSION 


It is obvious from these data that the feeding of high vitamin A potency 
shark liver oil did not increase the production of milk or butter fat or influ- 
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ence the per cent of butter fat present in the milk. This seemed to hold 
irrespective of the dose of vitamin A given or the amount of oil fed. Thus 
these experiments do not support the studies of Deuel ef al. (2, 5) to the 
effect that shark liver oil increases milk production. 

It should be pointed out that the cattle used in these studies were fed 
practical dairy rations and were in a good nutritive status when the studies 
began. When vitamin A or carotene is the limiting factor of a ration an 
increased milk production might be expected from the feeding of additional 
vitamin A. These studies, however, indicate that additional amounts of 
vitamin A do not stimulate milk or butter fat production in the case of well- 
fed dairy cows. 

Our studies on milks confirm Deuel’s work (3, 5), namely, that dietary 
measures can be used to increase the vitamin A potency of milk. However, 
the efficiency of increasing the vitamin A content of milk by feeding shark 
liver oil is very low. Calculations made from the data of these experiments 
show that when cows were fed 1,333,000 I.U. of vitamin A daily, an average 
of only 2.2 per cent of the vitamin A fed actually appeared in the milk. 

The decrease in the blood plasma and milk carotene noted when shark 
liver oil was fed is in agreement with the recent report of Deuel and co- 
workers (4). In our experiments the feeding of shark liver oil resulted in 
a distinct rise in the level of blood plasma vitamin A. However, the level of 
blood plasma vitamin A, which can be obtained by the feeding of shark liver 
oil, appears to be limited. The cows which received 770,000 I.U. of vitamin 
A daily attained blood plasma vitamin A leve's equivalent to the levels at- 
tained by the cows which received 1,332,500 1.U. of vitamin A daily. It is 
recognized that the values for the blood plasma vitamin A may be slightly 
inaccurate because of the difficulty in determining vitamin A in the presence 
of relatively large amounts of carotene (14). 


SUMMARY 


The effect of feeding various levels of shark liver oil of high vitamin 
potency to milking cows has been studied and the following results obtained. 

1. Blood plasma and milk carotene of all the cows fed shark liver oil 
decreased during the experimental period while high amounts of vitamin A 
were being administered. 

2. The administration of shark liver oil was effective in increasing the 
blood plasma vitamin A concentration. Coincident with the increased levels 
of blood plasma vitamin A there was a 3- to 5-fold inerease in the vitamin A 
content of milk. These increases were effected within limits, by the vitamin 
concentration of the oil, the dosage given, and the length of the feeding 
period. Thus the vitamin A in both the blood plasma and milk rose as the 
result of feeding high vitamin A poteney shark liver oil to cows fed practical 
rations. 


3. 
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Feeding shark liver oil containing high concentrations of vitamin A to 


cows resulted in no increase in milk or butter fat production. The per cent 
of butter fat was not affected. Stage of lactation, season, or the yield of 
milk up to 60 pounds per day had no favorable effect upon the reaction to 
shark liver oil feeding. The feeding of as much as 90 ce. of shark liver oil 
per cow per day tended to increase the normal rate of decline of milk pro- 
duction with the advance of lactation. 


(14) 
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FACTORS AFFECTING SWISS CHEESE STARTER ACTIVITY. 
EFFECT OF HEAT-TREATMENT AND SOURCE 
OF MILK 


M. E. TYLER* anp H. H. WEISER 
Department of Bacteriology, The Ohio State University 


The early development of a rapidly rising acidity in the curd is essential 
to the production of high quality Swiss cheese. The acidity, which should 
reach pH 5.0 to 5.15 after 21 hours (11), tends to inhibit the development 
of defects in the cheese: oversetting with eyes (6), wet cheese (5), and 
growth of gas-formers (22). In 1915, Doane and Eldredge (7) advocated 
the use of a pure culture of Bacillus (Lactobacillus) bulgaricus as a starter 
for Swiss cheese to prevent the occurrence of such defects. Since that time, 
many bacteria have been isolated from milk, whey, and Swiss cheese and 
have been used as pure culture starters (3,4, 9,10). Frazier and associates 
(10) in 1933 noted that few pure cultures were being used, most starters 
consisting of whey from a previous run, or of skimmilk inoculated with the 
whey. Recently, the use of pure cultures of high-temperature lactobacilli 
and streptococci as starters has become more prevalent. 

Coincident with the widespread use of pure cultures, a problem of starter 
activity has arisen. It has been found in the Swiss cheese industry that 
occasionally a starter will fail to produce the acid fermentation in the curd 
with necessary rapidity. This was noted also by Elliker and Frazier (8). 
Indubitably, two factors are involved in the slow acid development: first, 
the use of milk containing large numbers of competitive microorganisms, 
and second, the attenuation of the biochemical activity of the starter. An 
investigation of the latter factor is reported here. 

The experimental procedure was based on the hypothesis that two vari- 
able factors might have significant effects upon starter activity. The first of 
these concerns the ‘‘sterilization’’ of skimmilk used to propagate the starters, 
by exposing it to steam, flowing or under pressure. The intimate association 
of one of us (H.H.W.) with the Swiss cheese industry in Ohio has revealed 
that the heating period for skimmilk, to be used as a starter medium, varies 
widely among different factories and even within any one factory. Such 
variations (up to 5 hours) in time of heating might affect starter activity 
appreciably, due to alteration in the availability of nutrients or in the redox 
(oxidation-reduction) potential. The latter factor was considered impor- 
tant, since the growth of the bacteria used in pure culture starters, particu- 
larly those resembling Lactobacillus bulgaricus, is favored by a lowered 
oxygen tension, or by the presence of reducing compounds (18). In this 
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connection, Hammer and Baker (13) noted that heating milk at tempera- 
tures considerably above the pasteurization temperature caused a marked 
increase in the rapidity of coagulation by butter starters. Stimulation of 
the growth of Lactobacillus helveticus was reported by Elliker and Frazier 
(8), when the culture was inoculated into reconstituted skimmilk which had 
been steamed 10 minutes. 

The second factor to be considered was the variation in composition of 
milk as affected by its source. Baker and Hammer (1) reported that the 
source of milk had a marked influence on the acidity and flavor qualities of 
butter starters. The addition of lactose, milk ash, cream, or water to milk 
generally lowered the quality of the starter produced from it. 


MATERIALS AND METHODS 


Cultures. The bacterial cultures used in this study were obtained from 
various sources, all of them being cultures which have been used as Swiss 
cheese starters. Designations used were those given by the persons from 
whom the cultures originally came. The starters were segregated as fol- 
lows, the source of each being given in parentheses: 

Streptococcus cultures: S. glycerinaceus Orla-Jensen (Switzerland) and 
C3 (isolated from whey) ; 

Streptococci with yeast?: MC, X, and A (whey), and C (Switzerland) ; 

Lactobacillus cultures: L. bulgaricus (type culture), L. acidophilus and 
2 (Kulp and Rettger), Thermobacterium helveticum (Orla-Jensen), Thermo- 
bacterium lactis 39E19, R-9, and R-44 (Switzerland), B2 (whey), 39aH 
(Hastings), and 14 (from feces of an acidophilus-fed dog) ; 

Lactobacilli with veast?: GA and G,O (Wisconsin) and DL rods—Swiss 
(unknown origin). 

In addition, pure cultures of the bacteria were isolated from some of the 
mixed cultures of bacteria and veast. These were designated by the name 
of the parent culture, with a ‘‘p’’ added: MCp, Xp, Ap, GAp, and DLp. 

As recorded by Tyler (21), the lactobacilli belong to three species: L. 
bulgaricus (Luerssen and Kiihn) Holland, L. acidophilus (Moro) Holland, 
and L. helveticus (Orla-Jensen) Bergey et al. Most of them are of the last- 
named species. The streptococci may be classified as 8S. thermophilus Orla- 
Jensen, with the exception of the named species, S. glycerinaceus Orla- 
Jensen (S. faecalis Andrewes and Horder). 

Heat-treatment of milk. Samples of milk from a single source were col- 
lected at the receiving platform and heat-treated as soon as possible. Heat- 
ing at 80° C. was carried out in a thermostatically-controlled water bath, 
at 100° C. in flowing steam, and at 120° C. in an autoclave at 15 pounds 
pressure. 

Redox potential determinations. The redox potential of the milk, deter- 


2 An unclassified, non-sporulating, film yeast, ‘‘ Myeoderma’’ (20). 
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mined immediately before and after heat-treatment, was measured with 
platinum-foil electrodes, the saturated calomel half-cell, and a Coleman 
potentiometer. The average of duplicate determinations was used. 

Determination of starter activity. The biochemical activity of the start- 
ers was determined by titration of acid produced in the milk after incubation 
at 37° C. in a water-jacketed, thermostatically-controlled incubator for vari- 
ous periods. For titration, N/10 NaOH and phenolphthalein indicator were 
used. The acidity is expressed in percentage, calculated as lactic acid. 

Bacterial counts. Numbers of bacteria in cultures were determined by 
direct microscopic count. When numbers of bacteria were too great to be 
counted from the culture itself, serial dilutions in distilled water were pre- 
pared, and direct counts made from the dilutions. Rogers and Whittier 
(17) found this method gave reliable results. All determinations are 
recorded as individual cell counts. 


EXPERIMENTAL 


Heat-treatment of milk at 80° C., 100° C., and 120° C. Representative 
samples of milk from the mixed milk of a large herd, collected as previously 


Eh- MILLIVOLTS 
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Fig. 1. Effect of heating milk at various temperatures on the potential trend. © Aver- 
ages of several determinations. 


described, were heat-treated by methods intended to approximate those used 
in Swiss cheese factories. Heating was carried out at 80° C. for 1, 2, 3, 
and 4 hours; at 100° C. for 1, 2, 4, and 5 hours; and at 120° C. for 15, 30, 
45, and 60 minutes. Before heating, and immediately after cooling the 
heat-treated samples to room temperature, the redox potential of the milk 
was determined. One ml. of a starter culture was added to each 100 ml. 
sample, followed by incubation at 37° C. The milk cultures were titrated 
for acidity after 12 and 24 hours of incubation 

Figure 1 illustrates the fall in potential observed in the heat-treated 
milk with increase in temperature or length of heating. It may be noted 
that the most rapid decrease occurred during the early part of the heating 
period, the later decrease being a gradual, straight-line function of time. 
It is probable that only a part of the decrease from an initial average Eh 
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of 330 millivolts was due to expulsion of dissolved oxygen; Gould (12) has 
suggested that heat-treatment of milk may release reducing groups from 
the milk proteins. 

The biochemical activity of the bacteria was not affected significantly by 
heat-treatment of milk at 80° C. Heating at 100° C. for periods longer 
than one hour, however, had a favorable influence upon acid production by 
all cultures. Similar results were obtained in milk heated at 120° C. for 
periods longer than 15 minutes. The results of acidity determinations 
after 24 hours of incubation are presented in table 1. Typical results for 


TABLE 1 


Effect of heat-treatment of milk on Swiss cheese starter activity 
(Cultures incubated at 37° C. for 24 hours) 


Milk heated at 100° C. Milk heated at 120° C. 
Hours Minutes 
Culture 
1 | 2 | #4] 8 15 | 30 | 45 60 
Percentage acidity Percentage acidity 

S. glycerinaceus 0.48 | 0.51 | 0.53 0.50 | 0.50 0.50 0.56 0.60 
C3 0.56 | 0.60 | 0.66 0.61 | 0.54 0.53 0.55 0.62 
Ap 0.75 | 0.79 | 0.90 0.84 0.52 0.54 0.55 0.77 
Xp 0.45 0.53 | 0.51 0.48 0.97 0.87 1.02 1.00 
MC | 0.54 0.71 | 0.77 0.62 1.68 1.75 1.80 1.32 
C | 047 0.53 | 0.73 | 0.64 0.84 | 0.90 | 0.93 | 0.94 
x 0.79 0.81 | 0.83 | 0.82 0.95 0.88 1.09 1.05 
Therm. lactis... | 0.33 0.39 | 0.42 0.41 | 0.30 0.32 0.32 0.31 
Therm. | 
helveticum 1.10 1.36 1.08 1.17 | 0.79 0.73 | 0.72 | 0.49 
2 | 0.37 0.51 | 0.43 0.52 0.45 0.51 0.47 | 0.43 
14 | 0.50 | 0.54 | 0.52 0.52 0.48 0.50 0.41 0.42 
39aH 127 | 157 | 1.59 1.30 | 0.49 0.40 0.58 0.44 
B2 2.54 | 3.01 | 2.37 | 2.60 | 1.34 1.51 1.15 1.29 
R-9 . .| 1.83 1.94 | 1.86 1.64 | 2.54 2.39 2.57 2.57 
DLp . .| 0.97 1.07 | 1.10 0.82 | 0.73 0.74 0.89 1.04 
GA (212 216 | 246 | 239 | 248 | 249 | 261 | 2.80 
G.0 ue | 1.84 | 230 | 1.73 | 1.71 | 2.43 2.28 | 2.21 2.37 
DL rods .............. | 101 | 1.09 | 122 | 131 | 176 1.75 | 1.68 1.85 


some representative cultures, and the average of all 18 cultures used, are 
illustrated in figures 2 and 3. Repetition of the experiment later gave 
similar results. 

While acid production by all cultures was increased in milk heated at 
100° C. for 2 to 4 hours, certain cultures were stimulated to a greater extent 
than others. This was true of the lactobacilli in general, and of the lacto- 
bacillus-yeast cultures particularly; such cultures were always the most 
active acid producers. With two exceptions, acid production of all cultures 
was enhanced by heat-treatment of milk at 120° C. for longer than 15 min- 
utes. The level of activity of some of the cultures was lower in milk heated 
at 120° C. as compared with that heated at 100° C.; with others it was 
higher, while a few showed the same activity in each. The low acidities 
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Fic. 2. Effect of heating milk at 100° C. for 1, 2, 4, and 5 hours on the acidity pro- 
duced in 24 hours at 37° C. by subsequently inoculated Swiss cheese starter cultures. 


produced in 24 hours by 4 of the lactobacilli (Therm. lactis, Therm. helveti- 
cum, 2, and 14) were typical of these cultures; apparently they had been 
attenuated by long artificial culturing. 

Rate of growth and acid production in milk heat-treated at 100° C. In 
order to determine whether the rates of growth and acid production were 
affected by heat-treatment of milk, a similar series of experiments was car- 
ried out, using milk heat-treated at 100° C. for 1, 2, 3, and 4 hours and cer- 
tain representative starter cultures. Representative samples of milk, after 
initial redox potential measurement, were heat-treated and the potential was 
again determined; the samples then were inoculated with one per cent of 
a starter culture. Cultures used were 39aH, B2, G.O, 8S. glycerinaceus, Xp, 
and X. After incubation at 37° C. for 4, 8, 12, 24, 36, and 48 hours, ali- 
quots were removed for direct microscopic count and determination of 
titratable acidity. 

The results of this series confirmed the results obtained in the earlier 
experiments: heating milk for 2 to 4 hours resulted in increased acid pro- 
duction by the starters as compared with the one-hour heating. As before, 
the potential trend was downward with increased length of exposure to 
100° C. 

Representative data are presented in table 2. Interesting phenomena 

3. 
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Fic. 3. Effect of heating milk at 120° C. for 15, 30, 45, and 60 minutes on the 
acidity produced in 24 hours at 37° C. by subsequently inoculated Swiss cheese starter 
cultures. 
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appeared when the results of direct counts and titratable acidity were 
plotted graphically and compared. With culture 39aH (fig. 4) the greatest 
growth rate during the first 24 hours of incubation occurred in milk heated 
for 2 or 3 hours, but there was little difference in the numbers of bacteria 
at the end of 24 hours of incubation or later. Growth in milk heated for 
one hour was slower and progressed to a lower end-point. The rate of acid 


TABLE 2 
Effect of heat-treatment of milk on the rate of growth and acid production of 
Swiss cheese starter cultures 
(Milk heated at 100° C. Ineubated at 37° C. after inoculation) 


Heated 1 hr. Heated 2 hrs. Heated 3hrs. | Heated 4 hrs. 
Count Count Count | Count 
| % acid (x 107) % acid (x 10°) % acid (x 107) To acid | (107) 
Heated 
milk 0.15 0.0 0.16 | 0.0 019 | 0.0 0.19 0.0 
Hours | 
incu- | Tnoculated with 1 per cent of culture 39aH 
bated | 
4 0.14 0.40 O17 | 0.48 0.20 | 0.52 | 0.21 0.78 
8 0.17 1.0 0.21 | 2.6 0.22 | 3.0 | 0.23 2.7 
12 0.27 4.1 0.32 1.6 0.25 0.63 0.52* 39.0* 
24 0.83 5.9 1.16 51.0 0.78 | 17.0 0.72 54.0 
36 1.35 15.0 1.46 54.0 1.29 | 67.0 1,32* 65.0* 
48 1.67 28.0 1.47 110.0 1.48 96.0 1.59 59.0 
Heated 
milk 0.15 0.0 0.16 0.0 0.19 0.0 | 0.19 0.0 
Hours | 
ineu- | Tnoculated with 1 per cent of culture B2 
bated | 
4 | og2 | 23 | 020 16 | 020 | 007! 023 | 0.16 
8 | 0.39 | 13.0 | 0.46 43.0 0.21 | 0.17 | 0.27 0.68 
12 0.72 | 11.0 0.95 75.0 | 0.2% ee 200.0* 
2406] «6180 | 57.0 2.07 | 140.0 | 0.68 | 110.0 1.69 280.0 
36 «(2.19 81.0 | 2.46 120.0 | 1.92 | 410.0 1.98* 480.0* 
48 ; 2.59 | 130.0 2.50 260.0 2.22 | 290.0 2.49 610.0 


* These determinations were made after 18 and 32 hours, respectively. 


production was greatest in the milk heated for 2 hours, and the acidity 
reached a much higher level at the end of 24 hours in such milk. Culture 
B2 (fig. 4) also showed a fair correlation between the rate of growth and 
the rate of acid production ; the two-hour heat-treatment was optimal. As 
before, S. glycerinaceus (and the other streptococci) did not exhibit the 
striking differences in activity due to heat-treatment of the milk that were 
shown by the lactobacilli, but appreciable variations were observed. There 
was poor correlation between the rates of growth and acid production. 
The data obtained were utilized to calculate the fermenting capacity of 
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Fic. 4. Effect of heating milk at 100° C. on the rate of growth and acid production 
of subsequently inoculated Swiss cheese starter cultures. 


the cells in the several samples, in an attempt to discover whether the in- 
creased activity was due to stimulation of cellular activity or to an increase 
in numbers of cells. The formula used was that of Rahn (16). The results 
(table 3) showed that the fermenting capacity of the cells was in general 
increasingly lowered in milk heated at 100° C. for the longer periods. The 
explanation for the increased activity must lie, then, in increases in num- 
bers of cells sufficient to overcome the decreases in cellular fermentative 
power. 

Effect of source of milk on activity of the starters. Random observa- 
tions made during preliminary work, as well as reports published by other 
workers (1), indicated that the composition of the milk might affect the 
activity of the starters. For this reason, the source of milk for the pre- 
ceding experiments was kept as constant as possible. In a study of the 


TABLE 3 


Effect of heat-treatment of milk on the fermenting capacity of Swiss cheese 
starter bacteria 


Mg. acid ¥ 10” produced per cell per hour in milk 
heated at 100° C. 
Culture : 
1 hour 2 hours 3 hours L 4 hours 

39aH 5.34 1.47 1.59 2.33 
B2 5.25 1.04 1.31 | 0.70 
G.O 1.33 0.74 0.33 0.97 
S. glycerinaceus 1.53 0.63 0.53 0.26 
Xp 0.87 0.60 0.28 0.49 
x 0.57 1.52 0.72 0.33 
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effect of source of milk, samples were obtained from the milk of various 
individual producers, all of them delivering relatively small volumes. The 
milk was handled as in the preceding series, the samples being heat-treated 
at 100° C. for 1, 2, 3, and 4 hours before inoculation. Potential determina- 
tions were made before and after heating and the titratable acidity was 
determined after 12 and 24 hours incubation at 37° C. 

The data are too voluminous to be presented in toto; representative 
results for two cultures in a few of the milk samples are illustrated in figure 
5. Again, the stimulating effect of heat-treatment was observed. Some of 
the differences noted in the activity in samples from different producer- 
sources were striking. The relative activity of all cultures was the same in 
any sample. It was noted that no correlation could be observed between the 
average Eh of the different samples and the activity of the starters; in any 
one sample-source, however, the potential trend was downward as the length 
of heating increased. 


> 2: CULTURE GA CULTURE B2 
12 4 
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Fie. 5. Effect of the source of milk heated at 100° C. on the acidity produced in 
24 hours at 37° C. by Swiss cheese starter cultures. (Figures above the columns refer to 
the length of heating periods in hours.) 


DISCUSSION 

It appears that several factors may be involved in the variations which 
occur in the activity of Swiss cheese starters. At least one of these factors 
is associated with the heat-treatment to which milk is subjected prior to 
inoculation with a starter. Such heat-treatment, in practice, is limited to 
the mother-culture medium; it is reasonable to suggest that the activity of 
the mother culture should be maintained at a high level. From the stand- 
point of elimination of competitive microbial activity, heating milk for one 
hour at 100° C. is usually sufficient. However, it appears that there is some 
justification for the use of heating periods of 2 to 4 hours. In view of the 
observed decrease in potential with increased exposure to the various tem- 
peratures, it is probable that the longer heating periods provided a more 
suitable reducing environment for the starter bacteria. 

A complementary problem which warrants investigation is the effect on 
starter activity of serial subeulturing in milk samples heat-treated under 
various conditions. 

The composition of the milk in which Swiss cheese starters are cultured 
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is apparently of greater importance in affecting their activity. It was ob- 
served that great differences in rate and extent of acid production occurred 
when milk from different sources was used. There are factors causing 
appreciable variations in the composition of skimmilk, such as feed, breed 
of cow, season, etc. The percentage variations of the major constituents 
(lactose, protein, ash, water) are relatively small, however, and it seems 
unlikely that such small differences would effect the large variations ob- 
served in starter activity. Baker and Hammer (1) found this true in the 
case of butter cultures, and unpublished work by us has confirmed it for 
Swiss cheese starters. It is suggested, therefore, that the known variations 
in milk of various bacterial growth factors (2, 14, 15, 19) may be the impor- 
tant factors in limiting Swiss cheese starter activity. A study of the effect 
of such variations is being carried out at present. 


SUMMARY 


1. Heat-treatment of milk from a single source at 80° C. for periods up 
to 4 hours had little effect on the activity of Swiss cheese starters subse- 
quently inoculated. 

2. Heat-treatment at 100° C. for 2 to 4 hours increased the rate of acid 
production by the starters over that occurring in milk heated a shorter or 
a longer period. Similar stimulation was observed in milk heated at 120° 
C. for 30 to 45 minutes. 

3. The redox potential of the milk samples showed a downward trend 
with increase in temperature or with the longer holding periods at any one 
temperature. 

4. The increased rate of acid production in milk heated at 100° C. for 
2 to 4 hours appeared to be due to an increased growth rate, since the fer- 
menting capacity of the cells decreased progressively in milk heated for the 
longer periods. 

5. The composition of the milk, as determined by source, had a greater 
effect on the activity of the starters than heat-treatment. 

6. It is suggested that important differences in the activity of Swiss 
cheese starters may be due to variations in (1) the oxidation-reduction 
potential in milk and (2) the growth factor content of milk from different 
sources. 
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THE DENSITY OF MILK FAT: ITS RELATION TO THE ACCURACY 
OF THE BABCOCK TEST 


ROBERT JENNESS,! ERNEST O. HERREID,? W. J. CAULFIELD,® 
L. H. BURGWALD,* E. L. JACKS anp 8S. L. TUCKEY® 
Vermont Agricultural Experiment Station? and Subcommittee on Testing Milk and 
Cream of the American Dairy Science Association 


This is the first of a series of papers dealing with the factors that affect 
the accuracy of the Babcock fat test. The Vermont Agricultural Experi- 
ment Station in cooperation with the sub-committee on testing milk and 
cream of the American Dairy Science Association undertook a comprehensive 
regional and seasonal study of this problem. 

The present paper deals with the error introduced by the deviation of 
density of the materials comprising the ‘‘fat’’ column from the assumed value 
of 0.9 at 60° C. This assumption has not been subjected to critical and 
detailed research for milk although a limited amount of data has been pub- 
lished on the cream test. Comparative data are given in the present study 
on the density and the coefficient of expansion of the Babeock column mate- 
rials and purified fat from identical sources. Subsequent papers will report 
studies on the problem of temperature of reading, the composition of the fat 
column, and on the residual fat in the acid hydrolysate. 


REVIEW OF THE LITERATURE 
Density 


Examination of the literature revealed a number of values for the rela- 
tive mass of milk fat (1, 5, 6, 7, 8, 11, 12, 14, 17, 18, 19, 20, 21, 24, 25, 26, 27, 
28, 29, 30, 32, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43).* As early as 1883, Lieber- 
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mann (21) emphasized the dependence of accuracy in volumetric fat tests 
on density values accurately determined at the temperature of reading. 

Very few data were found for the resultant density of the materials esti- 
mated as fat in the Babeock test. Babcock, himself (3), assumed the specific 
gravity of these materials to be 0.9 at about 49°° and reported that reading 
the tests of milk containing five per cent fat at 43° or at 66° resulted in dif- 
ferences of less than 0.1 per cent. Hunziker et al. (15) assumed a density 
of 0.9 at 57°. 

Recently Miller et al. (22) have measured the density of filtered milk fat 
and fat obtained from cream test columns. They report mean values at 
60° of 0.89169 for filtered fat, 0.89347 for fat extracted by the Mojonnier 
method,’® and 0.89512 for fat from the Babeock test. It is assumed that 
these values represent true density although no dimensions are given. 

Two workers have attempted to account for part of the error of the Bab- 
cock test on the basis of deviation of the density of the fat from a value of 
0.9 at the temperature of reading. Their calculations are based on the den- 
sity of purified fat rather than on that of fat from the Babeock column. 
Bailey (4) reported a density value for purified milk fat of 0.8974 at 49°. 
This varied by 0.00068 per degree ; on this basis he caleulated that the density 
would be 0.9 at 45° and that reading the Babeock test at 54° would introduce 
an error of 0.032 per cent for milk averaging 4.51 per cent fat. Dahlberg 
(10) estimated the density of milk fat as 0.8943 at 55.5° and calculated that 
Babcock readings would be 0.02 to 0.03 per cent too high if read at 57.2°. 


Coefficient of Expansion 


Calculations of density of fat at temperatures other than those of mea- 
surement are possible if either the coefficient of expansion or the coefficient 
of density change is known. The literature revealed no determinations of 
the coefficient of expansion of fat from the Babcock test, but a few deter- 
minations and calculations for purified fat were found (21, 24, 26, 29, 39, 
41). Webster (39) used such a value (0.00064) to calculate that a change 
of 0.0178 per cent occurs in milk testing 5 per cent fat for every 5.55° change 
in temperature. Cochran (9) stated that no differences in volume of fat 
could be observed with small differences in temperature. 

Bailey’s (4) value for density change of 0.00068 per degree represents a 
coefficient of expansion of 0.000757 based on his value of 0.8974 for density 
at 48.8°. 

METHODS 

This study was based on the fat obtained from the Ayrshire, Holstein, 
Guernsey and Jersey breeds of dairy cattle. Sufficient milk was obtained 
from each breed to nullify the effects of stage of lactation and of individu. 


® All temperatures are in degrees Centigrade. 
10 Mechanized modification of the Réese-Gottlieb method. 
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ality of the cows. At the Vermont Station samples were taken weekly for 
one year from the Jersey and Holstein breeds, from a University composite 
and from a local creamery composite. At the Kansas Station samples were 
taken from each of the four breeds twice monthly. At Ohio State Univer- 
sity samples were taken from each breed during February, March, April 
and May, while at the Illinois Station samples were taken during the same 
period, with the exception of May. The herds in all instances were fed and 
managed according to well established practices. 

The Babcock test was conducted essentially according to official methods 
(2). The milk was sampled at approximately 21°, and the pipettes were 
filled slowly to avoid incorporation of air, and drained for approximately 
ien seconds, with the last milk being blown out. Sulfuric acid was tempered 
to 21.1°, 17.5 ml. being used of specific gravity 1.82 and 15 ml. of specific 
gravity 1.83. No test bottles were used that showed any inaccuracies that 
could be detected by the mercury method of calibration. At the Vermont 
Station the test bottles were shaken five minutes after the additiou of acid 
with a shaking device sold by the Cherry-Burrell Corporation of Chicago, 
Illinois. At the other cooperating stations the bottles were shaken by hand. 
Electrically heated centrifuges were used. At the Vermont Station the tests 
were estimated with the aid of a special reading device (16), while at the 
other stations the conventional hand calipers were used. 

For the specific gravity determinations the fatty materials from 2448 
test bottles were collected by suction into a 125-ml. Erlenmeyer flask directly 
from the water bath at 60°. The flasks were tightly stoppered and kept in 
a refrigerator at 7°-9°. The last four tests of each sample were left in the 
bath and estimated for fat. The purified milk fat was prepared from the 
same milk by separating 20 quarts at 26°-28°, cooling the cream to 10°—13° 
and churning it in a small four-quart glass churn. The butter was washed 
twice with water at about 10° and a portion melted in flowing steam. Bab- 
cock cream test bottles were filled to the base of the neck with melted fat 
and whirled in a hot centrifuge for five minutes. The clear fat was decanted 
into 250-ml. Erlenmeyer flasks and dissolved in approximately equal volume 
of reagent acetone and filtered through 15 em. No. 1 filter paper into alumi- 
num dishes.*' The acetone was evaporated and the fat was dried in an oven 
at 23-25 inches of vacuum for 5-6 minutes and cooled in a desiccator for 5 
minutes. The Mojonnier apparatus (23) was used to evaporate the acetone 
and to dry the fat. The samples of milk fat were kept in tightly stoppered 
bottles in a refrigerator at 4°-5° until the physical and chemical constants 
were determined. This was done within 72 hours. 

The method used for determining the specific gravity was essentially that 
described by Siebel and Kott (31). Ten-ml. conical pyenometers with ther- 


11 This step was probably unnecessary, but since it had been employed at the begin- 
ning of this work, it was continued to insure a uniform treatment to all samples. 


4 

| 4 

| 

| 


952 ROBERT JENNESS, ET AL. 


mometers ground to serve as stoppers and with capillary overflow tubes were 
used. To reduce the effect of buoyancy in weighing, a counter-poise was con- 
structed that had nearly the same displacement as the pyenometer and 
weighed about one gram less than the pyenometer filled with fat. The pye- 
nometers were carefully cleaned and dried after each determination. 

The samples of purified milk fat were transferred to the pyenometer at 
about 30° with 10-ml. Mohr pipettes. Next the thermometer was inserted 
and the instrument placed in a water bath at 37.5° + 0.1 for 15 minutes to 
permit the excess fat to escape through the capillary tube. The tube was 
capped and the pyenometer carefully dried with a clean cloth or with ether 
and cooled to room temperature of approximately 21°-22° in a desiccator 
and weighed. The determinations of the fatty materials from the Babcock 
test were made in the same manner except they were evacuated at 23-25 
inches for three minutes to remove bubbles of air. All determinations were 
made at 37.5° /37.5° with water as the base. 

To determine the coefficient of expansion, 10-ml. dilatometers with necks 
containing 0.5 ml. and graduated in 0.01-ml. divisions and fitted with stop- 
cocks were used. They were calibrated with mercury at 20°-21°. In mak- 
ing determinations, the melted fat at about 30° was drawn in until it entered 
the graduated neck. The stopcock was then closed. The dilatometer was 
immersed in the water bath at 30° for 10 minutes and the position of the 
meniscus on the graduated scale recorded. The bath was heated to 40° 
and the reading taken again after 10 minutes. Similar readings were taken 
at 50° and 60°. The coefficient of expansion was calculated by the following 
general formula: 

V.-V; 
~ th) 
Where: 
C = expansion coefficient (in ml. per ml. per °C.). 
V, = initial volume. 
V.= final volume. 
t, = initial temperature. 
t. = final temperature. 


Some check measurements were made later with dilatometers having 
0.3-ml. necks graduated in 0.001-ml. divisions. The body of these dilatom- 
eters was fitted with copper-constantan thermocouples so as to obtain the 
temperature of the fat within 0.3° at any time during the determination. 
A Leeds and Northrup type potentiometer was used. 


RESULTS 


The coefficient of expansion of purified milk fat and of the corresponding 
materials extracted as fat in the Babeock test were determined weekly dur- 
ing the first six months of 1939 from the Holstein and the Jersey breeds, 
from composites of the University herd milk and from composites of a local 
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milk supply. A detailed analysis of the data failed to show any relation 
between the values and the breed or season that might influence the Babcock 
test. The results for each temperature interval are summarized in table 1. 


TABLE 1 


Coefficient of expansion of purified milk fat and of the materials extracted 
as fat in the Babcock test* 


| Babeock test fat Purified milk fat 
°C, 

30-40 | 40-50 | 50-60 | 30-40 


40-50 | 50-60 


| 
| 


Jersey | 75.85 75.62 76.65 78.53 | 79.00 | 78.93 
Holstein 75.01 75.42 74.22 78.44 78.45 78.02 
Univ. comp. 75.06 75.98 75.12 78.36 78.07 79.08 
Creamery comp. | 75.30 76.02 76.77 78.35 78.26 76.61 
Aver. | 75.30 75.76 75.69 78.42 78.44 | 78.16 


Aver. of all 75.58 78.34 

* Values to be multiplied by 10-. Coefficient of expansion is expressed in ml./ml./ 
It is evident that the figures do not vary greatly within the temperature 
ranges studied. Probably due to impurities, the coefficient of expansion of 
the materials extracted as fat from the Babcock test was slightly lower in 
every temperature range than that of the milk fat. This work was checked 
with the more precise dilatometer on purified milk fat. The averaged re- 
sults of 10 determinations for each temperature interval are summarized 
in table 2. These results confirm those in table 1 for purified milk fat. 


TABLE 2 


Coefficient of expansion determinations of purified milk fat made with the 
more precise dilatometer* 


Temperature | Coefficient of expansion 
°¢, 
30-35 76.12 
35-40 } 77.90 
40-45 81.04 
45-50 80.94 
50-55 78.79 
55-60 79.38 
Aver. 79.03 


= * Values to be multiplied by 10°. Coefficient of expansion is expressed in ml./ml./ 
Effect of season. A comparison of the average density values at 60° for 
purified milk fat from the Holstein, Jersey and the mixed breeds over a 
period of one vear revealed no significant monthly or seasonal differences as 
shown in table 3. These data show a remarkable degree of uniformity for 
the different breeds in two widely separated sections of the United States. 
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These determinations were made as specific gravity at 37.5° 37.5°, but 
were converted to density at 60° because the materials estimated as fat are 
alleged to have a density of 0.9 at this temperature. The following formula 
was used for the conversion : 

Sp. Gr. at 37.5°/37.5° 
1+ [78.34 x 10° (60° — 37.5°) | 
Density at 60° =Sp. Gr. at 60° /4° =Sp. Gr. 60° /37.5° x 0.99318. 

The figure 0.99318 is the density of water at 37.5°, while the factor 
78.34 = 10° is the coefficient of expansion of the purified milk fat. 

The averaged results that are summarized in table 4 likewise show no 
marked variations between different geographical locations. 


Sp. Gr. at 60° /37.5° = 


TABLE 4 
Average density of purified milk fat by breeds 


No. wd | Density at 60° in gms./ml. 
Station 

wroed | Ayrshire | Holstein | Guernsey Jersey | Mixed 
California 1 | | | 0.8887 
Tllinois 2 0.8904 | 0.8905 0.8906 0.8903 | 0.8895 
Kansas 23 , 0.8891* | 0.8891* | 0.8892t 0.8892t 0.8891 
Ohio 8 | 0.8904 | 0.8905 | 0.8909 0.8905 | 0.8904 
Vermont 48 0.8888 | 0.8889 0.8889 


™ Composite sample of milk from the Holstein and Ayrshire breeds used. 
t Composite sample of milk from the Guernsey and Jersey breeds used. 
+ Average of 96 samples. 


Effect of feed. Limited data have been obtained on the effect of feed 
on the density of milk fat. At Ohio a comparison was made of the effect of 
dry feed and of pasture on density. The results in table 5 show a slightly 


TABLE 5 
Relation of feed to the density of purified milk fat obtained at the Ohio station 


Rations 


Breed Winter | Pasture 


Density at 60° in gms./ml. 


Ayrshire 0.8902 0.8908 
Holstein és 0.8905 0.8905 
Guernsey a 0.8910 0.8906 
Jersey 0.8905 0.8910 
Mixed 0.8902 0.8908 
Average 0.8905 0.8907 


greater density for fat from three of the five groups of cows on pasture as 
compared with dry feeding; however, the differences are small. At the 
Illinois Station a marked effect on the composition of butterfat obtained by 
adding corn oil to a standard ration resulted in density values of 0.8892 and 
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0.8903, respectively, the corresponding iodine numbers of the milk fat being 
51 and 44. These data, together with those in table 3 indicate that changes 
in the ration, season of the year or a combination of these two factors exert 
no significant effect on the density of purified milk fat that might cause 
direct variations in estimating fat by the Babcock method. 

Effect of method of extraction. The specific gravity of the fatty material 
from the Babcock test was determined at 37.5°/37.5° and converted to den- 
sity at 60° by means of the formula used for the purified fat, except that 
the value 75.58 x 10° was used as the coefficient of expansion. As shown 
in table 6 the fatty material showed a higher density than the purified fat. 


TABLE 6 


Comparison of the density of the material estimated as fat by the Babcock method with 
purified milk fat from the same milk 


Average density at 60° in gms./ml. 
Source Number Babeock test fat Purified milk fat 
Milk Cream Milk Cream 
Kansas 50 0.8915 0.8931 0.8892 0.8894 
Ohio 40 0.8918 ; ; 0.8906 
Vermont 80 0.8921 0.8921 0.8881 0.8882 
Average 0.8918 0.8926 0.8893 0.8888 


The mean density of the material from the milk test was 0.8918 at 60° as 
compared with 0.8892 for the corresponding purified fat, while the mean 
densities of fatty materials from the cream tests and their comparable puri- 
fied fats were 0.8926 and 0.8888, respectively. The higher density of the 
fatty materials is undoubtedly due to the inclusion of impurities. This was 
shown at the Illinois Station where the fatty materials from the Babcock 
test and the neutral fat from the same source were purified by the method 
already described and both had an average density of 0.8900 at 60°. 

Error in reading the Babcock test at 60° C. The Babcock test bottle is 
calibrated on the assumption that the fatty material has a density 0.9 at 
56°-60° C. At the Vermont Station the various milks were estimated for 
fat as part of the routine in making the density determinations of the fatty 
materials. The average fat estimations of milk from the Holstein and Jer- 
sey breeds and the average densities of the fatty materials from the Babcock 
test for the year 1939 are summarized in table 7, together with the calceu- 
lated errors and corrected readings. The following formula was used to 
compute the error : 


Density at 60° 
0.9 

The materials estimated as fat in milk by the Babcock method have a 

density of less than 0.9. The calculations indicate an overreading of as 


Error = Babeock reading at 60° - (Babcock reading » 


q 
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much as 0.05 per cent on milk of high fat content, while the difference is 
not so great on milk of lower fat content. In these caleulations it is assumed 
that the fatty materials reach an equilibrium temperature of 56°-60° within 
five minutes after the test bottles are placed in the water bath, and that the 
entire fat column consists of fatty materials—although it includes the upper 
meniscus and the lower part which is usually curved and not horizontal. 
The fatty materials from the Babcock test showed greater fluctuations in 
density than did the purified fat. This is evident by comparing the density 
of the purified fat of the Holstein and Jersey breeds from the Vermont 
Station in table 3 with the density of the corresponding fatty materials from 


the Babcock test of the same breeds in table 7. There was a tendency for 


TABLE 7 


Error in reading the Babcock test at 60° when corrections are made for the true 
density of the fatty materials 


Jersey Holstein 
1939 
| Density Cor- Density | Cor- 
Fat (60°) | reeted Error Fat (60°) rected | Error 

% | % % % | % % 
Jan 5.6667 | 0.8943 | 5.6308 | +0.0359* | 3.0208 | 0.8970 | 3.0107 | +0.0101 
Feb. 4.9312 | 0.8968 | 4.9137 | +0.0175 | 3.0469 | 0.8971 | 3.0371 | + 0.0098 
Mar. 5.4650 | 0.9004 | 5.4674 | —0.0024t | 3.0250 | 0.8986 | 3.0203 | + 0.0047 
Apr. 5.1125 | 0.8945 | 5.0812 | +0.0313 | 3.2938 | 0.8982 | 3.2872 | + 0.0066 
May 5.1375 | 0.8965 | 5.1175 | + 0.0200 | 3.3417 | 0.8964 | 3.3283 | + 0.0134 
June 5.0375 | 0.8981 | 5.0269 | +0.0106 | 3.1458 | 0.8996 | 3.1444 | + 0.0014 
July 5.0375 | 0.8962 | 5.0162 | +0.0213 3.1188 | 0.8950 | 3.1014 | + 0.0174 
Aug. 5.3833 | 0.8936 | 5.3450 | + 0.0383 | 3.2656 | 0.8960 | 3.2511 | + 0.0145 
Sept. 5.6958 | 0.8931 | 5.6521 | +0.0437 | 3.5792 | 0.8928 | 3.5506 | + 0.0286 
Oct. 5.1844 | 0.8902 | 5.1279 | +0.0563 | 3.7750 | 0.8898 | 3.7322 | + 0.0428 
Nov 5.1938 | 0.8919 | 5.1471 | + 0.0467 | 3.1406 | 0.8914 | 3.1106 | + 0.0300 
Dee 4.9625 | 0.8917 | 4.9168 | + 0.0457 | 3.0042 | 0.8924 | 2.9788 | + 0.0254 


* Overreadings, positive. 

t Underreadings, negative. 
the densities of fatty materials estimated by the Babcock test to show a grad- 
ual decrease beginning in early summer and continuing until fate fall, 
especially for the Jersey fat; this was not so evident for Holstein fat. 


DISCUSSION 


These data indicate that the density of the purified milk fat is uniformly 
constant and is not affected, significantly, by breed, season or feed. The 
density of the materials from the Babcock test estimated as fat showed 
greater variations that may have been due to the method of obtaining the 
fatty materials, to inherent variations that occurred in conducting the Bab- 
cock test or to inevitable changes in the chemical composition of the milk 
fat. The density figures for the fatty materials are minimum rather than 
maximum values, because in aspirating these materials from the neck of the 
test bottles it was not possible to obtain the film of water next to the glass. 
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The amount of this watery material is greater at the edges near the lower 
part of the fat column than at the middle or near the top. The fatty mate- 
rials estimated as fat have a density of less than 0.9 at 60°. If these 
materials reach an equilibrium temperature of 60° within five minutes, then 
a fundamental error is introduced in the Babcock test for milk and for 
cream, because the estimations would be too high. It may be assumed that 
this deviation in density below 0.9 is within the limits of error in reading 
the fat column. However, if the test bottles are more finely calibrated, and 
if mere precise methods are used in reading the Babcock test, then these 
differences in density would be of some significance. 

The coefficient of expansion of the purified milk fat and of the mate- 
rials estimated as fat is practically constant within the temperatures studied, 
with the purified fat having the highest value. 


SUMMARY AND CONCLUSIONS 


1. The density of the purified milk fat in this study was relatively con- 
stant and was not affected to any marked extent by breed, season or feed. 

2. The density of the fatty materials estimated from Babcock test as fat 
is higher than that of the corresponding purified fat, but for both types of 
fat is less than 0.9 at 60°; this introduces a fundamental error in the Bab- 
cock test. 

3. The coefficient of expansion of the purified fat averaged 78.34 x 10° 
and of the material estimated as fat, 75.58 x 10°. 


REFERENCES 


(1) Atten, A. H. Commercial Organie Analysis. P. Blakiston, Philadelphia, Penn. 
2:72. 4thed. 1910. 

(2) ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMIsTs. Official and Tentative Methods 
of Analysis. 4thed. pp. 267-269. 1935. 

(3) Bascocx, 8. M. A New Method for the Estimation of Fat in Milk, Especially 
Adapted to Creameries and Cheese Factories. Wis. Agr. Expt. Sta. Bul. 24. 
1890. 

(4) Battey, D. E. A Study of the Babcock Test for Butterfat in Milk. Jour. Dairy 
Sct., 2: 331-373. 1919. 

(5) Bett, J. Die Analyse und Verfiilschung der Nahrungsmittel. Milch, Butter, Kise, 
cerealien, priparirte Starkemehle, ete. Julius Springer, Berlin. Band 2, Seite 
54--102. 1885. 

(6) Biytu, A. W. On the Determination of the Specific Gravity of Butterfat and Other 
Solids at Ordinary Temperatures. Analyst, 5: 76. 1880. 

(7) Biount, B., anpD BLoxam, A. G. Chemistry for Engineers and Manufacturers. 
p. 238. Griffin and Co., London. 1896. 

(8) Browne, C. A., Jr. A Contribution to the Chemistry of Butterfat: I. The Physical 
and Chemical Constants of Butterfat. Amer. Chem. Soe. Jour., 21: 612-633. 
1899. 

Cocuran, C. B. A New Process for Determining the Percentage of Fat in Milk, 
Cream or Skimmilk. Jour. Anal. Chem., 3: 381-385. 1889. 


(9 


a 
| 


THE DENSiTY OF MILK FAT 959 


DAHLBERG, A. C. Comparison of the Réese-Gottlieb and Babcock Methods of Test- 
ing. Assoc. Off. Agr. Chem. Jour., 7: 159-169. 1923. 

Estcourt, C. An Improved Method of Ascertaining the Specific Gravities of Fats. 
Chem. News, 34: 254-255. 1876. 

FLEISCHMANN, W. The Book of the Dairy. Eng. transl. by C. M. Aikman and 
R. P. Wright. Blackie and Son, London, pp. 19-24. 1896. 

FLEISCHMANN, W. Berichte der Molkerei-Industrie, Baden, 1884. Cited by Storch 
(34). Original paper not examined. 

Gurzeit, E. Ueber die Beschaffenheit der grossen und kleinen Fettkiigelehen in der 
Mileh. Milch. Ztg. (Bremen), 22: 439-440. No. 27. 1893. 

Hunziker, O. F., Spitzer, G., Minus, H. C., AND CRANE, P. H. Testing Cream for 
Butterfat. Ind. Agr. Expt. Sta. Bul. 145. 1910. 

HerreEID, E. O. A More Precise Method for Estimating Fat in the Babcock Test. 
Jour. Dairy Sct., 23: 526-527. 1940. 

Koester, G. Uber die physikalisch-chemischen Grundlagen des spezifischen Ge- 
wichtes der Milch. Ztschr. Untersuch. Lebensmtl. 52: 279-287. 1926. 

K6nies, E. Corr. Blatt der Verein Analyt. Chemiker. 1878. Cited by Storch 
(34). Original paper not examined. 

Kénics, J. Untersuchung von Nahrungs-Genuss-mitteln und Gebrauchsgegenstiin- 
den. Vierte Aufl., 3: 418. Teil. 1. 1910. 

LEwkowirTscH, J., AND WarBuRTON, G. H. Chemical Technology and Analysis of 
Oils, Fats and Waxes, 1: 304-320; 2: 781-787. 6th ed. MacMillan, London. 
1922. 

LIEBERMANN, L. Volumetrische method zur Bestimmung des Fettgehaltes der Milch. 
Ztschr. f. Anal. Chem., 22: 383-390. 1883. 

MILLER, P. G., CouLrer, 8. T., AND Comps, W. B. The Density at 140° F. of the 
Materials Expressed as Fat by Various Volumetric Tests of Cream. Jour. DAIRY 
Sci., 23: 285-288. 1940. 

MOoJONNIER BROTHERS CoMPANY. Instruction Manual for Setting Up and Operating 
the Mojonnier Milk Tester. Bul. 101. 1925. 

Parrick, G. E. The Iowa Station Milk Test. A New Dairy Test for Determining 
the Amount of Butterfat in Milk. Iowa Agr. Expt. Sta. Bul. 8. 1890. 

PrieFer, T. Biedermann’s Centbl. f. Agr. Chem. 1878. Cited by Storch (34). 
Original paper not examined. 

PIEN, J., AND MAvuRICE,G. Relation de densité dans les produits laitiers. Lait, 18: 
582-610. 1938. 

Pizzi. Cited by Richmond (29). Original paper not examined. 1914. 

RAHN, O. Fettgehalt und spezifisches Gewicht des Rahms. Milchw. Forsch., 3: 
512-518. 1926. 

RicHMoND, H. D. Dairy Chemistry. pp. 41-57, 342-345. 2nd ed. Griffin and Co., 
London. 1914. 

SHarP, P. F. Physical Constants of the Milk as Influencing the Centrifugal Sepa- 
ration of Cream at Various Temperatures. Jour. Datry Sct., 11: 261-264. 
1928. 

SIEBEL, E. A., AND Kort, A. E. Determination of Specific Gravity. Assoe. Off. 
Agr. Chem. Jour., 20: 535-542. 1937. 

SKALWEIT, J. Uber die Bestimmung des spezifischen Gewichts von Butter und 
Fetten. Repert. Anal. Chem., 7: 6-8. 1887. Ztschr. Anal. Chem., 26: 388. 
1887. 

Stein, V. Some Butter Investigations. Tidskr. Landékon., 13: 653-663. 1895. 

Storcu, V. Konsistensfejl hos Smgrret og Maelkekuglernes Bygning, 36 Beret, 
Kgl. Vet. of Land. Lab. Kjgbenhaven. 1897. 


(10) 

(11) 

(12) 

(14) 

(15) 

(17) 

(18) 

(19) 

(20) 

(21) | 

(22) 

(23) 

(24) 

(25) 
(26) 

(27) 

(2) 

(29) 4 

(30) 

(31) 

(32) 

(33) | 

(34) 


960 ROBERT JEN'NESS, ET AL. 


(35) THORNER, W. Beitrag zur Untersuchung der Fette und Fettsiiuren. Chem. Zeit., 
18: 1154-1155. 1894. 

(36) THorPE, T. E. The Interdependence of the Physical and Chemical Criteria in the 
Analysis of Butterfat. Jour. Chem. Soe. (London), 85: 496, 248-256. 1904. 

(37) United States Department of Agriculture. Government Standards of Purity for 
Milk and Its Products. U.S. D. A. Cir. 19. 1906. 

(38) VIOLLETTE, C. Analysis of the Butter of Commerce. Compt. Rend., 117: 856-858. 
1894. Soe. Chem. Indus. Jour., 13: 54-55. 1894. Original paper not examined. 

(39) Wesster, E. H. The Fat Testing of Cream by the Babeock Method. U.S. Dept. 
Agr. Bur. Anim. Indus. Bul. 58. 1904. 

(40) WERENSKIOLD, F. H. On the Chemical Properties of the Fat in Norwegian Cream- 
ery Butter. Aarsber. Offent Foranst Landbr Fremme. 117-129. 1899. Abs. 
Expt. Sta. Rec., 12: 515. 1901. Original paper not examined. 

(41) Wiener, G. W. On the Ratio of Expansion by Heat of Butterfat, Lard Fat and 
Butter Substitutes. Analyst, 4: 183-185. 1879. 

(42) Winton, A. L. The Babcock Method of Determining Fat in Milk and Cream for 
Use in Creameries. Conn. (New Haven) Agr. Expt. Sta. Bul. 106. 1891. 

(43) WotcKennHAAaR, O. Uber die Bestimmung des Spez. Gewichts von Butter und Talg 
bei 100° C. Rep. Anal. Chem. 5: 236. Soe. Chem. Indus. Jour., 4: 601. 1885. 


< 
. 
nce. 


THE PHOSPHATASE TEST AS USED BY THE MASSACHUSETTS 
DEPARTMENT OF PUBLIC HEALTH FOR LAW 
ENFORCEMENT PURPOSES* 


HERMANN C. LYTHGOE 
Food and Drug Division, Massachusetts Department of Public Health 


The April, 1942, number of the JourNAL or Datry ScIENCE contains a sta- 
tistical article by L. H. Burgwald (2) upon ‘‘The Phosphatase Test—Extent 
of Use in North America,’’ from an address presented at a meeting of the 
American Public Health Association, October 16, 1941. The following is 
quoted from the article : 

**One state laboratory stated that they used the Scharer Field and Labo- 
ratory tests for detecting underpasteurization, and used the findings as a 
basis for prosecution. 

‘*The answers to question 10, ‘Have vou noticed any decrease in the num- 
ber of samples improperly pasteurized as compared to the first time tests 
were made?’ indicates that the phosphatase test has been of decided value in 
insuring proper pasteurization. One hundred thirty-seven answered ‘Yes’ 
while 32 answered ‘No.’ The majority of those stating the amount of 
decrease reported that it is more than 50 per cent.”’ 

In the spring of 1939 I was informed, much to my surprise, that appar- 
ently only in the State of Massachusetts was the phosphatase test used for 
the purpose of prosecuting persons who represented raw milk or incompletely 
pasteurized milk as pasteurized. The results of the questionnaire by Burg- 
wald indicate that apparently there has been no change in this situation 
during slightly more than two years, for Massachusetts is the State referred 
to in the above article. During the discussion of Burgwald’s paper a state- 
ment was made to the effect that a positive phosphatase reaction should not 
be used as a basis for prosecution. My associate, E. B. Boyce, then outlined 
a certain specific instance of a violation discovered by the use of this test 
which resulted in the prosecution and conviction of the responsible person. 
Subsequently during the discussion a representative from Florida stated that 
he also had used the phosphatase test for prosecution purposes (1). It seems 
improbable that only in Massachusetts is this test used to prosecute persons 
for fraudently selling a potentially dangerous article bearing a safety 
label. There has recently been published a statement that the Division of 
Health of Dayton has secured a conviction through the use of the phospha- 
tase test (3). In Massachusetts the test is used for law enforcement purposes 
not only by the State Health Department, but also by the milk inspectors of 
some of the cities. 

Received for publication May 23, 1942, 

* Presented in part at a meeting of the Association of Official Agricultural Chemists, 
Washington, D, C., October 31, 1939. 
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In 1937 the Massachusetts Department of Public Health secured 16 convie- 
tions for representing as pasteurized certain milk not heated to a tempera- 
ture of at least 142° F. and held at such temperature for not less than 30 
minutes. The evidence in 8 of these cases was direct evidence, but the evi- 
dence in the balance was secured by the phosphatase test. In 1938 a system- 
atic drive was made against those who were suspected of ‘‘cheating’’ which 
resulted in 42 convictions. In 1939 there were 19 convictions; in 1940 there 
were 14 convictions; and in 1941 there were but 9 convictions. The validity 
of the phosphatase test was not questioned in any of these cases. In 1938 
the phosphatase test was applied to 3,117 samples of bottled milk and cream 
represented as pasteurized, of which 112 or 3.59 per cent gave positive reac- 
tions. In 1941 the test was applied to 3,679 similar samples of which 35 or 
0.95 per cent were positive. This represents a reduction of nearly 71 per 
cent in the number of improperly pasteurized samples in a four-vear period. 
The reactions classed as positive for the purpose of the above computations 
include all reactions ranging from those produced by straight raw milk up 
to and including doubtful reactions. A recent report from a state, showing 
no prosecutions for this type of offence during 1941, states that of the sam- 
ples represented as pasteurized ‘‘19 per cent were found to be either raw or 
underpasteurized when examined by the phosphatase test.’’ 

In view of the apparent situation regarding prosecutions, the Massachu- 
setts procedure may be of interest. Prior to the adoption of the phosphatase 
test evidence of violations of this character could be obtained only with diffi- 
culty. In some instances, convictions were obtained by evidence showing 
that the recording thermometer chart had been rotated, thereby giving a 
false impression that the milk had been held at the pasteurization tempera- 
ture for the proper time. In other instances, the mercury thermometer was 
inaccurate, the scale apparently having been adjusted at the pasteurizing 
plant. If the inspectors happened to arrive at an establishment under sus- 
picion as the milk was being heated, they would stay at the plant long enough 
to time the recording thermometer. They would then leave the plant before 
the milk reached the pasteurizing temperature and would return in about 
twenty minutes. Occasionally, during this period, the milk had reached the 
pasteurizing temperature, had apparently by the thermometer chart been 
held at that temperature for thirty minutes, and much of it had been bottled. 
By means of this and similar procedures, thirteen convictions were secured 
in 1935, one in 1936, and eight in 1937. 

Prior to its adoption for official work, the phosphatase test was studied 
for several months, using laboratory pasteurized milk, milk collected for bae- 
terial examination on efficiency tests, commercial milk obtained from dealers 
known to be reputable, and also on milk collected from dealers suspected to 
be otherwise. The first case was tried on September 23, 1937, in the District 
Court of Eastern Essex, sitting at Gloucester, Massachusetts. The defendant 
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entered a plea of ‘‘not guilty’’ but admitted a finding of ‘‘guilty.’’ The 
judge then stated that he would hear the case in his lobby after adjournment. 
The judge gave the chemist a thorough cross-examination upon the merits of 
this new test. The defendant’s lawyer also had an opportunity to do like- 
wise. The judge then imposed a substantial penalty which the defendant 
paid. This probably was the first presentation in any court of the United 
States of this method of analysis. 

In no case prosecuted have we been able to find faulty apparatus, ete., the 
cause for improper pasteurization. But in our opinion, the condition or con- 
ditions found were due to deliberate violation by someone in authority at the 
plant who had no misgivings in selling unpasteurized milk or raw milk as 
pasteurized. The following conditions responsible for the positive reactions 
by the phosphatase test have been found: putting pasteurized labels on con- 
tainers of raw milk; bottling pasteurized milk subsequently to raw milk with- 
out washing the cooler, pipe lines and filler; adding raw milk to a vat of 
pasteurized or nearly pasteurized milk during the holding period or while 
drawing off; operating without a leak escape valve or plugging the leak 
escape outlet in a leak escape valve with the effluent piping connected ; catch- 
ing the drip from the leak escape valve and putting it into the vat before 
drawing off; drawing off prior to the expiration of the holding period but 
keeping the temperature up so that the chart would show legal pasteuriza- 
tion; rotating the recording thermometer chart; pasteurizing at a low tem- 
perature and making, on the recording thermometer chart, a false record of 
the corresponding readings of the mercury and recording thermometers dur- 
ing the holding periods; lowering the metallic scale of the mercury ther- 
mometer ; buying pasteurized cream containing 40 per cent fat and reducing 
it to 36 per cent by the addition of raw skim milk or raw whole milk; and 
by separating unsold and returned bottled milk, both raw and pasteurized, 
without exercising sufficient care to exclude all the raw milk from the mix- 
ture to be separated. Proprietors of plants where such conditions existed 
have been prosecuted. 

The routine procedure first employed by the Department was developed 
for the purpose of answering all probable as well as improbable questions 
and criticisms that might be raised against the test by any attorney or his 
expert witness. Experience has shown that it is not always necessary to 
follow this entire procedure, but it is usually advisable to make the efficiency 
test. The procedure is as follows: The inspectors collect samples in the usual 
manner from milk wagons, stores, and pasteurization establishments. When 
the milk reaches the laboratory, the Scharer (4) modification of the phospha- 
tase test, 10 minutes’ incubation, is applied to all samples represented as 
being pasteurized. The Scharer modification of the phosphatase test is pre- 
ferred first because it saves considerable time and consequently hastens the 
supplemental and follow-up work, and second because it is more easily ex- 
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plained to and understood by the judge and the jury, if any, than would be 
the phenol number. If the phosphatase test shows incomplete pasteuriza- 
tion, it is repeated, usually for a longer incubation period, upon another por- 
tion of the milk, and if positive, there is added to a third portion of the milk 
the reagent used for detecting the presence of phenol. If phenol is shown 
to be absent, it is therefore, very evident that there is no phenolic body in 
the milk which will give the reaction. Another portion of the milk is placed 
in a test tube and heated to 142° F. One-ml. portions are removed every 
five or ten minutes during a thirty-miiute period and are immediately 
placed in the cold substrate solution. Each of these portions is then ineu- 
TIME OF 
INACTIVATION OF THE PHOSPHATASE IN MILK 
During COMMERCIAL PasTEURIZATION 
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bated and after incubation is tested for the presence of phenol. If there is 
nothing in the milk which will liberate phenol by heating to 142° F. for 
thirty minutes, at least one of the above samples will show a negative phos- 
phatase test. This will also give an indication of the extent of under-pas- 
teurization, if any. 

As soon as possible after a violation has been found, the inspectors go to 
the plant where the suspected milk was pasteurized and perform an efficiency 
test during the usual operation of pasteurization. Samples of the raw milk 
are obtained, a sample is obtained when the milk reaches 142° F., samples are 
obtained during the holding period at intervals of five or ten minutes, a 
sample is taken from the outlet of the cooler, and from the bow! of the filler. 
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The first bottle from the filler is taken, and another bottle is taken ten or 
fifteen minutes later. If possible, there is obtained a bottle of milk pasteur- 
ized the prior day, which sample frequently gives a positive test. These 
samples are all tested by the phosphatase test, and in most instances, bacteri- 
ological examinations are also made. 

In all but two of the efficiency tests, the phosphatase had been inactivated 
in less than thirty minutes. In each of these two cases, the metallic scale of 
the mercury thermometer had been so changed that the thermometer read 
three degrees high and consequently the milk was not pasteurized as defined 
by law. 

After the efficiency test is made, the person involved is given an oppor- 
tunity to be heard, and then he is asked the impossible, namely, to explain 
why the milk was properly pasteurized when performed in the presence of 
an inspector of the Department, and why it was improperly pasteurized 
at least once when an inspector of the Department did not observe the 
process. 

It is possible that the length of time required to heat the milk up to the 
pasteurizing temperature has some bearing upon the time at which the 
phosphatase is inactivated during the holding period. If the milk is heated 
very quickly, as is done in laboratory experiments, the time of inactivation 
may necessarily be longer than if the milk is heated more slowly as is the case 
in some commercial pasteurizing establishments. 

The chart compiled from many efficiency tests made in commercial plants, 
where as far as possible complete details as to temperature and time have 
been obtained, shows the average time at which the phosphatase was inacti- 
vated at temperatures of 142°, 143°, and 144° F., but for temperatures from 
145° to 148° F. it shows the average temperature at which the phosphatase 
was inactivated within ten minutes. In construing this chart, it should be 
understood that the samples were taken at five-minute intervals, and there- 
fore, in all instances, the phosphatase had become inactivated in somewhat 
less time than is indicated on the chart. 


CONCLUSION 


Violations of the Massachusetts law by representing as pasteurized raw 
or incompletely pasteurized milk have been materially reduced by means of 
the phosphatase test, supplemented, when obtainable, by other evidence and 


followed by prosecutions. 
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THE OSCILLATORY CHARACTER OF THE VARIATIONS IN THE 
WEIGHTS OF DAIRY HEIFERS 


G. A. BAKER anp 8S. W. MEAD 
University of California, Davis 


Studies in animal growth are often complicated by wide and rapid daily 
variations in body weight. Although the investigator is primarily inter- 
ested in the organized body tissues there are, in addition, water and food 
recently consumed, partially digested food and waste materials which are 
responsible for most of the large and rapid changes in total weight of the 
body. These may mask to a considerable degree the true changes in the 
organized body tissues. An understanding of the nature of these variations 
should be of considerable value in properly evaluating results of investi- 
gations in the growth of dairy heifers. 

Lush et al., (3) discussing the accuracy of beef cattle weights assumed 
that consecutive daily weights on the same animal were independent in a 
probability sense. Baker and Guilbert (1), however, showed that a signifi- 
cant correlation exists between the deviations of consecutive daily weights 
from trend for yearling beef cattle. Maymone and Sireana (4) examined 
the weights of mature dairy cows that were lactating and found that the 
daily weights consisted of a linear trend for periods up to 75 days plus an 
oscillatory part suggestive of a sine curve. 

The purpose of this paper is to present data for a particular non-rough- 
age experiment which show that the weights of growing dairy heifers con- 
sist of a general trend plus an oscillatory variation. The character of the 
oscillatory part of the variation in the daily weights changes with the age 
of the heifers. For young heifers the daily weights are pronouncedly below 
or above the trend for long periods of time. When the heifers are older the 
weights are not so pronouncedly above or below trend and may change from 
above trend to below trend within short periods. The variability of the 
weights of these heifers is about constant from 3 to 10 months of age and 
then suddenly increases. Because the periods of oscillation decrease for 
older heifers and the variability of daily weights increases, the oscillatory 
nature of the deviations from trend is increasingly obscure but still definite. 
The daily weights as the heifers become older behave in a manner very sim- 
ilar to those for yearling beef animals already reported (1). The frequency 
distributions of deviations from trend are compared with normal. 


DATA 


The data consist of three consecutive daily weights taken at ten-day in- 
tervals from 100 to 437 days of age on Holstein heifers that were born on 
Received for publication May 29, 1942. 
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TABLE 1 

Ey Weights, mean weights and pooled variances for 9 Holstein heifers born 6-3-1930 for 15 

three-day periods at ten-day intervals 

Date | Calf sember Pooled 
1930 33E 34E 35E 36E 37E 38E 39E 40E 41E | 


Sept. 13 190 170 166 152 114 186 184 166 158 
14 200 172 166 152 116 190 190 170 156 168.07 13.61 
, 15 200 178 168 156 124 192 192 170 160 


Sept. 23 204 184 180 174 120 192 192 184 182 


Z 24 | 210 184 182 174 122 190 192 186 184 180.74 6.33 
25 210 192 184 178 124 192 194 188 182 
Oct. 3 
4 226 210 206 202 126 210 208 198 200 197.22 15.78 


5 222 210 208 202 112 204 212 198 196 


14 228 224 212 212 130 222 214 202 200 204.44 9.17 


24 | 256 236 224 230 144 230 214 212 220 220.30 | 9.11 


# Nov. 2 
: 3 260 250 240 234 150 242 230 214 230 227.56 | 15.50 
4 


Nov. 12 
13 292 262 250 248 160 258 244 240 242 244.89 | 4.00 


re Nov. 22 304 268 264 262 164 278 266 262 262 | 
a 23 316 286 262 266 174 266 270 262 264 | 260.89 41.78 
24 
3 Dee. 2 332 292 280 290 180 272 280 284 284 
i 3 324 295 279 292 178 274 279 280 274 | 275.00 | 12.00 
+ 320 290 280 286 176 274 277 275 278 | 
: Dec. 12 | 348 304 294 300 182 284 290 282 288 | 
13 340 301 298 301 184 282 298 288 290 | 286.33 11.33 
14 | 
Dee. 22 340 316 310 308 192 302 302 296 306 
| 23 350 316 312 306 194 310 304 296 304 299.41 | 12.28 
24 350 320 316 310 198 306 310 300 310 | 
1931 
Jan. 1 370 328 330 318 198 302 322 302 316 | 
: 2 378 336 328 316 200 312 324 308 320 313.26 | 23.39 


12 376 344 348 326 216 324 350 322 336 323.55 30.50 


22 380 360 361 320 224 306 362 313 343 329.30 25.56 


2 Oct. 13 | 222 224 210 210 126 210 214 202 204 | 
4 15 | 226 228 214 214 126 218 216 206 206 | 
a 25 | 260 238 232 228 144 230 226 216 218 
: 14 | 298 260 252 250 160 262 246 240 244 
se 3 | 378 338 324 322 206 320 328 310 324 
Jan. 11 | 378 340 352 306 212 324 340 320 334 
13 | 374 340 342 320 216 312 344 310 330 
23 | 388 366 361 314 228 308 362 323 342 | | 
o Jan. 31 | 360 350 372 316 244 290 356 314 352 | | 
Feb. 1 | 368 344 370 316 238 298 354 °304 348 | 327.44 | 18.00 
9 
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TABLE 1—(Continued) 


Calf number > 
variance 


33E 34E 35E 36E 37E 38E 39E 40E 41E 


Feb. 10 398 346 388 302 246 294 378 320 368 | 
11 402 358 390 310 252 290 382 322 368 | 340.30 11.83 
12 400 354 388 304 256 296 382 324 370 | 

Feb. 20 400 364 406 312 276 308 406 336 370 
21 406 380 412 310 276 308 406 336 372 | 354.81 | 13.83 
22 404 368 412 310 274 316 408 332 372 


Mar. 2 436 392 414 332 290 324 420 348 380 — 
3 438 398 420 334 288 318 424 344 382 | 371.52 21.11 
4 432 391 426 340 281 332 429 340 378 
Mar. 12 462 418 442 352 290 324 454 354 376 | 
13 466 410 444 346 284 332 464 356 384 386.56 21.55 
14 
Mar. 22 474 434 460 298 334 470 354 394 
23 474 424 452 292 326 464 356 382 | 297.50 28.81 


24 | 472 422 454 294 322 464 350 374 | 


the same day. There were 9 heifers for the first 193 days and 7 of the same 
heifers for an additional 143 days. The daily weights, means of all weights 
for each three-day period, and a pooled estimate of the variance for each 
three-day period are given in tables 1 and 2. 

These heifers received a non-roughage diet consisting of a mixture of 
ground barley, soy bean meal, wheat bran, calcium carbonate and sodium 
chloride supplemented with cod-liver oil. From three to ten months of age 
their average body weights were approximately 80 per cent of Eckles’ (2) 
normal. After reaching ten months of age, they rapidly approached and 
finally exe -eded normal weight at fifteen months of age. 

Since hese animals bloated frequently, their weight variations may be 
somewhat different than for heifers fed a normal diet containing roughage. 
However, as has been pointed out, at the later ages the weights of these 
heifers behaved very similarly to the weights of yearling beef cattle fed on 
a normal alfalfa hay ration (1). 


TREATMENT OF DATA 


A preliminary examination of the means and variances presented in 
tables 1 and 2 indicated that some fairly abrupt change in the character 
of the daily weights took place about April 1, 1931. At that time the rate 
of daily gain increased and the variability of the daily weights markedly 
increased. For these reasons the data were broken into the two periods. 
The data were extended as far as possible until there was again a change in 
the character of the daily weights. 

Straight lines were fitted by means of the least-squares technique to the 
weights of each heifer for each of the two periods. Several people with ex- 
tensive experience in curve fitting judged the straight lines to adequately 
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TABLE 2 
Weights, mean weights and pooled variances for 7 Holstein heifers born 6-3-1930 
for 15 three-day periods at ten-day intervals 
Date Calf number Pooled 
951 33E 34E 35E 37E 38E 39E 40E wanes 


= 1 500 452 482 330 384 484 370 
7 2 498 450 492 314 330 488 366 | 423.81 157.71 
3 504 454 «©6492 366 

April 11 530 472 498 334 350 518 392 
12 540, 462 496 328 344 516 386 442.10 | 30.36 
13 542 482 «4506 «6336 5514 3388 

April 21 546 494 558 348 370 540 412 
22 532 472 510 352 358 536 402 460.00 | 207.50 
23 536 490 540 350 358 544 412 

May 1 530 496 542 372 382 552 398 | 

2 550 «488 3368) 3884 548) «470.10 60.78 

3 546 492 530 370 392 544 418 | 


May 11 5386 502 554 374 390 562 434 
12 538 496 562 382 396 580 440 482.19 | 22.78 


13 550 502 554 380 390 566 438 
May 21 580 504 564 402 428 594 464 
22 586 514 568) «406 598) 18.86 
23 | 
May 31 
: June 1 560 524 600 428 430 612 486 522.43 54.00 
2 562 606 428 448 604 484 
: June 10 564 556 604 450 460 624 492 | 
11 570 532 «612 «452460 «616s 53.43 
June 20 566 550 634 450 444 612 482 
t 21 552 558 630 456 468 618 490 | 539.62 | 116.50 
22 582 562 616 464 480 626 492 
ie June 30 576 574 612 472 468 624 508 | 
July -1 588 542 606 470 454 628 510 544.76 57.64 
: 2 574 556 614 474 456 628 506 
July 10 626 570 642 492 480 660 550 | | 
12 596 562 626 496 468 650 536 568.14 119.71 
13 | 
July 20 634 562 638 500 520 658 568 
21 640 592 690 494 534 664 558 591.24 | 232.50 
22 674 592 666 484 532 652 564 | 
July 30 640 602 646 498 542 676 570 | 
31 660 570 680 506 528 652 548 597.43 | 207.57 
Aug. 1 644 600 690 520 540 664 570 
Aug. 9 660 580 700 530 522 654 608 
10 670 592 740 526 538 674 606 | 61429 | 180.00 
ll 
Aug. 19 724 638 722 556 564 674 590 | 


20 724 612 720 550 582 664 606 635.14 207.14 
21 680 630 732 538 576 642 614 | 


account for the general trend in the daily weights within each of the periods. 
Deviations from trend were computed as the observed weight minus the 
weight given by the fitted straight line. 
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The equations of the trend lines for the first period are: 

y — 333.6 = 1.404 (x — 97.1) 
y — 303.8 = 1.255 (x — 97.1) 
y — 308.4 = 1.505 (x — 97.1) 
y — 277.3 = 0.969 (x — 97.1) 
y — 197.6 =0.999 (x — 97.1) 
y — 274.1 =0.750 (x - 97.1) 
y — 308.5 = 1.486 (x — 97.1) 
y —275.4=1.001 (x 97.1) 
y — 290.2 = 1.247 (x -— 97.1) 

and for the second period are: 
y — 585.2 = 1.232 (x — 70.4) 
y — 535.5 = 1.133 (x — 70.4) 
y — 600.6 = 1.604 (x — 70.4) 
y — 432.4 = 1.634 (x — 70.4) 
y —446.4=1.617 (x-—70.4) 
y — 598.9 = 1.255 (x — 70.4) 
y — 485.2 = 1.685 (x — 70.4) 

where y is weight in pounds and x is the number of days from the beginning 

of the period. 

RESULTS 


The deviations from trend show a pronounced tendency to be all positive 
or negative for each three-day period for each of the two longer periods. 
The general situation is illustrated in figures 1 and 2. 

If sets of three are drawn at random from a population with equal num- 
bers of positive and negative deviations, then it is expected that } of all such 
sets of three are all alike in sign and } of all such sets have two like signs. 
For the data of table 1 counting only complete sets we find 105 with signs 
all alike and 20 with 2 signs alike. The probability of this result occurring 
by chance is vanishingly small. 

For the data of table 2 we find 33 sets of 3 with signs all alike and 47 with 
2 signs alike. The probability of this occurring by chance is less than 1 
in 100. 

Not only do the data tend to fall above or below the trend line in sets of 
three but adjacent sets of three tend to fall in the same direction from the 
trend lines producing very pronounced oscillatory motions. 

The extent of variations in the deviations of daily weights due to changes 
which affect all animals alike and to changes that are individual with each ani- 
mal was studied by analysis of variance. The results are presented in table 
3. The day-to-day changes in environment are from 1.5 to 3 times as im- 
portant per degree of freedom as individual animal differences in producing 
daily variations in the deviations from trend. It follows from the F-values 
of table 3 that a significant positive intraclass correlation exists. This corre- 
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lation coefficient is .18 for the first period and .08 for the second period. 
Daily weight data for yearling beef cattle showed significant intraclass corre- 
lations of .10 and .15 for two, thirty-day periods (1). 

A comparison of the grouped frequency distributions of the deviations 
from trend with a normal distribution was made. The standard deviation 
of the deviations for the first period was 12.65 and for the second period 


TABLE 3 


Analysis of variance showing the amount of variation in daiiy deviations of weight due 
to common and individual causes 


Period I 


Source of Variation Degrees of Freedom Sum of Sq. Mean Sq. 
Regressions 18 
Days 52 20,098.69 386.51 
Groups (within) 413 54,391.40 131.70 
F =2.93 
P<.01 
Period IT 
Source of Variation Degrees of Freedom Sum of Sq. Mean Sq. 
Regressions 14 
Days 38 13,116.45 345.17 
Groups (within) 228 49,092.39 215.32 
F = 1.60 


P between .05 and .01 
was 15.26. These values are about twice the standard deviations found in 
(1) for yearling beef animals (8.64 and 6.97 for full and shrunk weights re- 
spectively). It was seen that the combined distribution for the two periods 
did not differ significantly from normal (P > .05). The number of negative 
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Fig. 1. Linear trends fitted to the daily weights of two heifers and to the averages 
of nine heifers for ages from 100 days to 300 days. 
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deviations (393) is not significantly different from the number of positive 
deviations (370). However, the variance for the first period (160.21) is 
significantly less than for the second period (233.09), (P < .01) but not 
nearly as much less than as would be expected from the pooled variances 
given in tables 1 and 2. More of the variance is due to oscillatory variation 
in the first period than in the second. The distribution of the deviations 
from trend are nearly normal as is generally expected in biological work. 
However, these deviations must be considered as being made up of two 
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Fig. 2. Linear trends fitted to the daily weights of two heifers and the averages for 
seven heifers for ages from 300 days to 450 days. 


distinet parts, one due to a somewhat regular oscillatory movement of vary- 
ing length and the other due to accidental or irregular causes. 


SUMMARY 


Data are presented showing that the daily weights of growing dairy 
heifers receiving a non-roughage diet consist of a general trend plus an 
oscillatory function of time which tends to become less pronounced as the 
heifers increase in age and size. The behavior of the weights of these 
heifers when older was very similar to the behavior of the weights of year- 
ling beef heifers fed on a normal alfalfa hay diet which indicates that the 
different behaviors at different ages observed for these heifers was a matter 
of age and not of diet. At any age there was always a tendency for a devi- 
ation from trend in a daily weight to depend on the deviations for the ad- 
jacent days. This fact must be considered in calculating the accuracy of 
the results of feeding trials. If weights that are used as the basis of con- 
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clusions in feeding trials happen to fall at the right parts of the natural 
oscillations, then very misleading results may be obtained. 

From the data presented it appears that for short time trials several 
animals should be ineluded if possible, the environmental conditions be kept 
uniform, and frequent weighings throughout the trial should be made. For 
long-time trials, regular comparable weighings as often as possible should 
be made throughout the entire course of the trial. 
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THE HERITABILITY OF BUTTERFAT PRODUCTION IN 
DAIRY CATTLE! 


JAY L, LUSH anp F. 8. STRAUS 
Iowa State College 


The present study grew out of an earlier inquiry? into the effects which 
selection of dams might have on sire indexes. That study showed the im- 
portance of knowing the degree to which the observed variations in a char- 
acter are hereditary, if one is to predict the consequences of various breed- 
ing plans or to discount the effects of selection or other practices on sire 
indexes and on estimates of a cow’s breeding worth. It also indicated that 
the heritability of differences in annual butter fat production was similar 
in two different kinds of data (iowa D.H.I.A. prior to 1937 and Holstein- 
Friesian H.I.R. prior to October, 1938) and was not very different from that 
indicated by several other studies. This suggested that heritability of but- 
terfat production might be nearly enough constant in all cattle populations 
which are of much interest to dairy breeders, that there would be little error 
in using a single figure for it when estimating the probable results of alter- 
native breeding procedures. 

The present investigation was focussed mainly on the question: In the 
data currently being used for proving dairy bulls, how heritable are the 
differences between the butterfat records of cows which are mated to the 
same bull? Questions of whether this really differed from breed to breed, 
and of the size and heritability of the differences found between herd aver- 
ages arose as incidental to the main object. 

By ‘‘heritability’’ is meant the extent to which observed differences be- 
tween individuals are caused by differences in the heredity which they have. 
But because differences in heredity cannot be measured directly, heritability 
must be estimated indirectly from the differences observed between indi- 
viduals related in such a way that their probable genetic differences can be 
computed from the laws of inheritance. The best relationship for this pur- 
pose generally is that between parent and offspring. Doubling the intra- 
sire regression of daughter’s record on dam’s record seems the most depend- 
able method for estimating heritability in data like these, where the sire 
cannot express the characteristic himself, where the dams are likely to have 
been a bit more highly selected than the daughters, and especially because 
feeding and other management practices are almost certain to have differed 
considerably from herd to herd. 

Received for publication June 2, 1942. 

1 Journal Paper No. J—1018 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 317. 


2 Lush, Jay L., Norton, H. W. III, and Arnold, Floyd. 1941. Effects which selee- 
tion of dams may have on sire indexes. Jour. Dairy Sct., 24:. 695-721. 
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Computing the daughter-dam regression on an intra-sire basis restricts 
the analysis to the heritability of those differences which existed among the 
mates of asire. The extent to which differences between one group of mates 
and another such group (usually in a different herd) are caused by differ- 
ences in their average heredity cannot be measured directly by this method. 
Since most sires are proved in only one herd, the intra-sire basis automati- 
cally excludes from the likeness between daughter and dam most of the 
environmental contributions. Those sires which were proved in two or more 
herds presumably tend to have been used in herds with somewhat similar 
standards of feeding and management, as in partnerships. 

Since a daughter gets only a sample half of the inheritance her dam has, 
the regression of daughter on dam must be doubled to estimate what fraction 
of the differences between the records of the mates of a sire were due to 
cdlifferences in the heredity of those mates. This answers well enough for the 
average effects which each gene had in the various combinations of genes 
with which it was associated in that group of mates and daughters. These 
average effects are what is meant when we eall a gene ‘‘good’’ or ‘‘bad,”’ 
or speak of it as ‘‘a gene for’’ high or low fat production. But if two or 
more genes have when together an effect which is greater or less than the sum 
of their average effects in that population, these differences between the 
actual and the expected effects* are transmitted to the offspring only as far 
as the whole group of genes necessary for each such joint effect is trans- 
mitted intact. Thus dominance deviations are not transmitted from parent 
to offspring, since only one gene of the pair concerned can be transmitted in 
any one gamete. Interactions requiring the simultaneous presence of two 
non-allelie genes would be transmitted to only one fourth of the offspring 
(in a population mating at random), interactions requiring three such genes 
would be transmitted to only one eighth of the offspring, ete. Thus the 
method of doubling the intra-sire regression of daughter on dam gives an 
estimate of heritability which includes all of the additive effects of genes, 
none of the dominance deviations, and something less than half of the effects 
of the non-linear interactions of non-allelic genes. If the non-linear inter- 
actions and dominance deviations of genes are abundant and large, the esti- 
mate of heritability derived from the daughter-dam regression will be some- 
what lower than an estimate based on likeness of identical twins, even after 
the latter is freed from the effect of common environment. 


SOURCE AND DESCRIPTION OF DATA 
The data consisted of the 2154 daughter-dam comparisons used in prov- 
ing 283 sires in Iowa Dairy Herd Improvement Associations during the 
period Jan. 1, 1936 to Dee. 31, 1939.4 Only the pounds of fat produced 


3 Such differences are called epistatic or interaction effects if they concern combina- 
tions of non-allelic genes, or dominance deviations if they concern two allelie genes. 


4 The investigation was begun early in 1940. 
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in the first 305 days of the lactation were studied. All records were cor- 
rected for age and were on the basis of twice-a-day milking. The average 
number of daughter-dam comparisons per sire was 7.6, the minimum of 
course being five. Only a few sires were proved by more than 10 daughter- 
dam comparisons and very few indeed by more than 20. The fat production 
figures for both dam and daughter were averages of all normal lactation 
records available. 


RESULTS 
The average productions, the pooled intra-sire correlations and regres- 


sions of daughter on dam, the number of daughter-dam comparisons, and 
the number of sires in each breed are listed in table 1. 


TABLE 1 


Averages and intra-sire correlations (r) and regressions (b) of daughters on dams, 
separately by breeds 


| Ave. Ave. 
Breed dams’ daughters’ | & of No. of 
production production — 
Holstein .. = = 384.7 388.9 -130 133 | 1003 116 
Guernsey oe 366.9 | 364.8 | 147 | .147 390 53 
Jersey .... 373.4 389.7 -166 157 351 52 
Brown Swiss .......... 372.1 362.7 | 076 | .085 269 40 
Ayrshire... 349.4 360.0 270 | .208 70 11 
Shorthorn ... 288.0 272.1 046 | .045 58 10 
Red Polled 346.2 213.2 084 | 051 13 1 
Average (intra breed) | | 134 | 134 2154 | 283 


The intra-sire daughter-dam regressions varied somewhat from breed to 
breed but these differences were not statistically significant. The figures 
hint that the management in the dual-purpose herds may be such that the 
cows do not show their innate capacity as clearly as in the more highly 
specialized breeds. The data, however are so few that this is only a hint. 
Perhaps it would not be confirmed by more extensive evidence. 

Since the differences between breeds were not significant the data were 
pooled, considering them as a homogeneous intra-sire population. The 
pooled regression and correlation were both .134, based on 1870 degrees of 
freedom. 

These figures describe the present data, in which the average number of 
lactations in the dam’s record was 3.15 and the average number of lactations 
in the daughter’s record was 1.68 In averages of two or more lactations 
per cow the differences due to circumstances which change from lactation 
to lactation will tend to cancel each other, thus decreasing the environmental 
variance but leaving the genetic variance unchanged. For comparing these 
dndings with others and making them useful for generalizing to cases where 
each cow has n records, it is desirable to express these findings in terms of 
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what they would be if each cow had only one record. Let b equal the regres- 
sion of daughter on dam when single lactation records of each are used, and 
b’ equal the regression when lifetime averages are used. Then if all dams 
“14+ (m-1)raa 
m 
where raq is the repeatability ; i.e. the average correlation between successive 
lactations of the same dam. But where m is variable, as it was in the present 
data, b is related to b’ approximately thus’ : 
b=b’ 1+ (m — 1) rac + (1 Faa) 
m m 

On the basis of other studies, the repeatability within herds (rgq) was as- 
sumed to be .4. The variance of m in these data was 3.09. Consequently b 
hadav-' of .087. Doubling this yields .174 for heritability. 

T... poo 1 intra-sire regression coefficients for sires having daughters 
in only one herd was .108 and for sires having daughters in two or more 
herds was .155. Both regressions were significant and the difference is in 
the direction expected, but it is not statistically significant on this amount 
of data. If the .108 is taken at face value and the intra-herd repeatability 
of single records is +.4, the heritability of differences in single records is 
-140 instead of .174 as was computed from all intra-sire records. Appar- 
ently the latter contained some environmental correlations between daughter 
and dam in those cases where a sire was proved by records from more than 
one herd. 

The correlation and regression coefficients in table 1 are nearly equal, 
whereas it had been expected that the correlation would be distinctly smaller. 
The relation between the two statistics is: 

b=r2. 

Ca 
It was expected that cy would be smaller than ¢, since it was presumed that 
the dams were more highly selected than the daughters. Moreover the dams 
averaged 3.15 lactations each and the daughters only 1.68 lactations. This 
should have made the averages of the dams less variable. However, the 
daughters were more nearly contemporaneous than the dams and therefore, 
within the group pertaining to each sire, probably did not encounter such a 
wide range of year-to-year changes in environmental conditions as the dams 
did. Within each group the daughters were more closely related to each 
other than the dams were. This would have tended to make the intra-sire 
standard deviation of the daughters a little less than that of the dams, as 
will be discussed later. Differences in age should not have caused differ- 
ences in standard deviations, since the age corrections, being multiplicative, 
would cancel the tendency for standard deviations in uncorrected records to 
increase with age of cow. Why the intra-sire standard deviations of daugh- 

5 We are indebted to Professor W. G. Cochran for this correction for variation in m. 
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ter and of dam are so nearly equal is not clear. It may have been merely 
a coincidence that these opposing tendencies so nearly cancelled each other. 


INTRA-BREED REGRESSIONS 


When each of the different breeds was studied as a homogeneous popu- 
lation, rather than on an intra-sire basis as was done in table 1, the corre- 
lations and regressions were as shown in table 2. The figures are 2 to 3 times 
as large as the corresponding coefficients on an intra-sire basis. The differ- 
ences between breed regressions are significant. This must be due to greater 
herd-to-herd heterogeneity in the management of some breeds as compared 
to that of others. Greater genetic heterogeneity within some of the breeds is 
not wholly excluded, but studies of the breeding systems used in different 
breeds have shown, in all of them yet studied, only a little separation into 
non-interbreeding families or strains. Heterogeneity of ideals with respect 


TABLE 2 


Daughter-dam correlations and the regression of daughter on dam, cach breed being 
treated as a homogeneous unit 


Breeds | r a b 
Holstein 


324 329 
Guernsey 325 372 
Jersey 495 576 
Brown Swiss 254 
Ayrshire -637 | -604 
Shorthorn 
Polied 084 051 


to the level of production desired may have been slightly more extreme in 
one breed than in another. 

The magnitude of herd differences is shown in table 3 where the total 
variance of the population has been analyzed® into that portion (B) due to 
breed differences; that (G) from differences between groups mated to (or 
sired by, in the case of daughters) the same sire within a breed; and that 
(C) from differences between cows in the same group. 

Group differences (G) are 30 and 35 per cent respectively of the total 
variance (C+G+B) of dam and daughter productions. Only indirectly 
can we get even a rough estimate of what portion of G is genetic. Groups 
of dams mated to one sire are generally related a little to each other because 
such a group will contain some sets of half and three-quarter sisters and even 
a few daughter and dam or full sister pairs. For example, the average rela- 
relationship within groups of dams would be around 8 to 12 per cent if one- 
third of them are half-sisters, another third are three-quarter sisters, not 
related to those half-sisters, and there are a few daughter-dam or full sister 


6 For method see: Winsor, C. P., and Clarke, G. L., in Jour. Marine Research 3(1) : 
25-27. 1940. 
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pairs. The genetic variance among mates of a sire would lack this much of 
equalling the genetic variance within a truly random sample of dams in the 
breed. In the present figures the genetic portion of the variance among 
mates of a sire was .268 (twice the regression) of an actual variance of 3868, 
which would be 1037. If the average relationship (r) among mates was .10, 
the genetic variance in a truly random sample of dams from the whole popu- 


lation would be of this, or 1152. The variance (G) due to differences 


1 
l-r 
between group averages was 1791 and only 115 of this (1152 minus 1037), 
or about six to seven per cent of it is thus estimated to have been genetic. 
It is believed that by far the greater part of G arises from differences in 
environment and management from herd to herd. 


TABLE 3 
Analysis of variance among records of daughters and dams 


Components of variance 
Source of variance a/f 
Kind Amount of total 
Daughters: 
Between breeds 6 219864** B 776 =O} 11 
Between groups within breeds 276 22727** G 2482 35 
Within groups 1871 3838 Cc 3838 54 
Total .... 2153 6862 [ C+G+B 7096 | 1.00 
Dams: 
Between breeds 6 | 102983** B 337 06 
Between groups within breeds 276 17498** G | 1791 | -30 
Within groups 1871 3868 Cc 3868 64 
Total 2153 5892, | C+G+B | 5996 | 1.00 


The above estimate is based on the assumption that consanguinity is the 
only reason for mates of a sire being genetically more like each other than 
members of a truly random sample of the breed would be. Another con- 
ceivable cause for genetic differences between herds is that some assortive 
mating may be practiced with dairy cattle, irrespective of consanguinity. 
This would result if high producing animals were brought together in the 
specialized herds, medium producing in the less specialized ones and low 
producing in the herds where little attention is paid to the cows, or where the 
owner does not have financial freedom to buy higher producing stock, or 
where other qualities than butterfat production are desired. Since no one 
deliberately tries to breed low producers, it is not believed that this process 
can have caused much genetic differentiation between herds, although there 
doubtless are some differences in the intensity with which various breeders 
strive toward the same goal. If there is much assortive mating (or if the 
average relationship between dams is more than .10), the genetic portion of 
the variance between group averages is more than estimated above. 
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DISCUSSION 

The heritability value found in this study on an intra-herd basis and for 
single lactation records is .174. If taken at their face value, the data con- 
cerning sires which were used in only one herd indicate that heritability was 
only .140. This isa little less than has been found in previous studies, which 
have more usually given values of around .20 to .30. The five per cent 
fiducial limits for the .174 are .03 and .31. Therefore it is easily possible 
that the lowness of the value found in the present study as compared with 
earlier studies is only a sampling variation. 

Heritability of differences between cows when each is represented by an 
average of » unselected records would be ——™ times as large, where r is 

l-r+nr 

the intra-sire correlation between records of the same cow. However an in- 
crease in n decreases the variation between cows. This makes the selection 
differential smaller, if the percentage of culling remains the same. The net 


result is that progress from culling on averages of » records is See 
-r+nr 


times as large as when culling on only one record each. If r=.4, this has 
values of 1.20, 1.29, 1.35, ete., when n is two, three, four, ete. 

The inter-group variance was larger among daughters than among dams 
(35 as compared with 30 per cent of the total variance). About half of this 
difference can result from the closer relationship of the daughters to each 
other. If the average relationship among the mates of a sire is .10, the 
relationship among the daughters becomes .275 if the sire is not related to 
his mates. This will reduce the genetic variance among the daughters to 
835, as compared with 1037 among their dams. The decrease (202) in 
genetic variance within groups of daughters must be balanced by an equal 
increase in variance between groups of daughters. This shift of 202 from 
variance within groups to variance between groups would be about three per 
cent of the total of C+G+B. Another possible cause for group differences 
being more important among the daughters is that the dams averaged more 
lactations each. Differences in feed or management from one year to an- 
other thus had more chance to cancel each other in the records of the dams 
than in the records of the daughters. More often with the daughters than 
with the dams were all of the records made within a space of two or three 
years. The dams’ records, being spread out over a longer time, offered more 
chance for seasons when conditions were unusually good to cancel the effects 
of seasons when conditions were unusually bad. This would tend to make 
the averages of groups of dams less variable than the averages of groups 
of daughters. 

The breed differences were more important for the daughters than for 
the dams. The immediate cause for this can be seen in the average pro- 
ductions for each breed as shown in table 1. In the two breeds in which the 
dams’ records averaged the highest, the daughters’ averages went yet higher, 
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while in the two breeds in which the dams’ records averaged lowest, the 
daughters’ averages went yet lower. Why this happened is not known, but 
its effects on the variance between breed averages is obvious. 

When the two dual purpose breeds are omitted, the breed differences (B) 
among the means of the five dairy breeds fall to about one sixth of the values 
shown in table 3 and are therefore comparatively unimportant economically, 
but they are still statistically significant. These small breed differences re- 
main about twice as large among daughters as among dams. 


CONCLUSION 

Data on lactation yields of fat in 2154 dam-daughter comparisons used 
in proving 283 sires in Iowa Dairy Herd Improvement Associations from 
1936 to 1939, inclusive, were analyzed for heritability of individual differ- 
ences and for magnitude of group differences. 

Expressed on the basis of records in single lactations, the heritability of 
differences between cows mated to the same sire was found to be .174 with 
5 per cent fiducial limits of .03 and .31 respectively. This .174 is a little 
less than the .2 to .3 more usually found in other studies.’ If this .174 is 
accepted at its face value it indicates that two cows, chosen on the basis of 
one record each, will probably differ in their breeding values about one-sixth 
as much as their records differ, and that one selecting cows for high records 
should expect to find that their breeding values are about one-sixth as far 
above the average of the group from which they were chosen as their records 
are. 

When only the data pertaining to sires used in but one herd are con- 
sidered, heritability was .140 instead of .174. The small difference between 
.140 and .174 was not significant but suggests that environmental correla- 
tions contribute a little to the intra-sire likeness between daughter and dam 
when sires are proved in more than one herd, and that heritability is a little 
lower than .174. 

Heritability was not significantly higher in one breed than in another. 
There was a faint indication that differences in records corresponded a little 
less closely to differences in breeding values in the dual purpose breeds than 
in the more specialized dairy breeds but the difference was far below the 
level of statistical significance in this volume of data. 

Differences between group averages within a breed are mostly due to 
differences in management or other environmental circumstances, but about 
6 to 7 per cent of them are due to differences in the average genetic merit of 
those groups. 

7 Among very recent studies should be mentioned the findings of A. H. Ward which 
are summarized on page 37 of the ‘‘Seventeenth Annual Report of the New Zealand 
Dairy Board’’ for 1940-41. For 3076 daughter-dam pairs, whose lifetime averages were 
used in proving 104 sires, the intra-sire regression of daughter on dam was about .15 
According to whether the number of records per dam was 4, 3, or 2, this is equivalent 
to a heritability of about .22, .23, or .25 of the differences between single records, assum- 
ing that the intra-sire repeatability of records of the same cow was .4. 
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NORMAL VARIATIONS IN THE AMOUNT OF ASCORBIC ACID IN 
THE BLOOD OF DAIRY CATTLE* 


A. L. BORTREE, C. F. HUFFMAN anp C. W. DUNCAN 


Dairy Husbandry Section and the Chemical Section of the Michigan Agricultural 
Experiment Station, East Lansing 


The experimental work reported by several investigators (7, 9-11) indi- 
eates that dairy cattle are capable of synthesizing sufficient amounts of 
ascorbie acid in their bodies for normal metabolic functions. Hopkins and 
Slater (2) are of the opinion that ascorbic acid is synthesized in the small 
intestines and in the liver. Harris and Ray (1) concluded that the localized 
concentration of ascorbic acid in the suprarenals was not a reserve store- 
house for the body nor a site of synthesis but that it was needed for pro- 
tecting the normal functional activities of that organ. Whether the high 
concentration of ascorbic acid in the various tissues is an indication of syn- 
thesis at that particular point or whether it is an indication of a requirement 
for normal functions is not known. 

Phillips and associates (5, 6), however, have reported many cases of 
sterility in bulls and cows that were associated with low concentrations of 
ascorbie acid in the blood plasma and that a large percentage of ‘‘slow 
breeding’’ bulls and ‘‘hard to settle’? cows responded to ascorbie acid 
therapy. These workers (6) reported that there was a distinct breed dif- 
ference in the level of ascorbic acid in the blood plasma and that there was 
also considerable variation in the ascorbic acid level in individual cows. The 
average ascorbic acid value reported by these investigators was 0.39 mg. per 
106 ml. of plasma (range 0.19-0.65 mg.). Wallis (11) obtained blood 
samples twice monthly from five cows for a period of 10 months and found 
the average ascorbic acid value to be 0.32 mg. Knight and co-workers (3) 
reported that the ascorbic acid values of normal cows ranged from 0.43 to 
0.62 mg. from the analysis of over 50 samples of blood obtained from four 
Holstein cows on standard dairy rations. 

The relationship between ascorbic acid and the oxidative process in milk 
has stimulated some investigators to study the effect of the ration on the 
ascorbic acid content of milk (3, 8). These results indicate that the type 
of rations fed does not affect the ascorbic acid content of the milk, blood 
or urine. Knight and associates (3), however, have shown that there is a 
rapid destruction of ingested ascorbic acid in the rumen. This is interpreted 
to mean that the feeding of ascorbic acid to cows will not increase the level 
of this vitamin in the blood. 

The apparent relationship between ascorbic acid synthesis, metabolism 

Received for publication June 2, 1942. 

* Published with the approval of the Director of the Agricultural Experiment Station 
as Journal Article no. 588 (n.s.). 

983 


§ 
| 
d . 
I, 
q 
| 
j 


984 A. L. BORTREE, C. F. HUFFMAN AND ©. W. DUNCAN 


and reproduction emphasizes the importance of obtaining additional infor- 
mation concerning the concentration of this vitamin in the blood plasma of 
normal dairy cattle. The purpose of this paper is to record the plasma 
ascorbic acid values obtained from normal calves, heifers and lactating cows 
and to indicate the variations that are encountered under standard feeding 
practices. 

EXPERIMENTAL 

Nineteen calves varying from birth to 12 months of age, 4 heifers and 24 
cows of all ages were used in this study. The rations that these animals re- 
ceived corresponded to their respective ages and in all cases they were 
adequate for maintenance, growth and milk production. The majority of 
the animals were of the Holstein breed but a few of the other breeds were 
also included. The breed of all of the animals is included in tables 1 and 2. 
Some of the cows were open and some were in different stages of pregnancy. 
Three of the heifers (A29, A31 and C424) and nine cows (A18, A26, D9, 66, 
78, 264, 266, 267 and 285) were pregnant during the entire period that 
samples were taken. Cow A27 became pregnant after the first six samples 
had been obtained (table 3). All of the rest of the animals were open. 

A uniform procedure was adopted for the withdrawal of the blood and 
its disposition after being received in the laboratory. Approximately 20-25 
ml. of blood were collected in a tube containing a small amount of potassium 
oxalate. The samples were placed in ice water and protected from light 
immediately after being withdrawn. In no instance was the blood allowed 
to stand at room temperature. The plasma filtrates were always prepared 
within two hours from the time the samples were taken. The method used 
for the determination of ascorbic acid was that described by Mindlin and 
Butler (4), with a slight modification. 

In order to observe any variations in the concentration of ascorbic acid 
due to the method of determination and also to determine the stability of 
the ascorbic acid in the prepared filtrate, duplicate filtrates were prepared 
from the blood of five cows and stored at 2°C. The ascorbie acid was 
determined in the stored filtrates at 3-hour intervals for a 24-hour period 
(table 5). 

RESULTS 


The experimental data showing the variations in the concentration of 
ascorbic acid in the plasma of 19 normal calves from birth to 12 months of 
age are presented in table 1. The mean value obtained from all of the de- 
terminations was 0.32 mg. per 100 ml. of plasma but the variations covered 
a wide range of values (0.03 to 0.77 mg.). The mean values for individual 
calves also showed considerable variation, ranging from 0.09 to 0.56 mg., 
however the calves under eight weeks of age had a tendency to have less 
ascorbic acid in the plasma (mean 0.30 mg., range 0.03 to 0.55 mg.) than the 
older calves (mean 0.36 mg., range 0.16 to 0.77 mg.). 
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The variations in the concentration of ascorbic acid in the plasma of the 
four heifers are shown also in table 1. The mean value obtained from all 
of the determinations was 0.49 mg. per 100 ml. of plasma (range 0.24 to 0.80 
mg.). The mean values obtained for the individual heifers varied from 
0.36 to 0.63 mg. 


TABLE 1 
Plasma ascorbic acid values obtained from normal calves and heifers 
| | No. | 
Calf No. Breed Ave, age samples | Range Mean 
| | taken | 
Calves 
| mg. per 100 ml. of plasma 
C495 Ayrshire 3 wk 3 0.18-0.35 | 0.27 
C466 Holstein 4 wk. 2 041-048 | 044 
C468 Holstein 4 wk. 2 0.38-0.52 0.45 
C483 Holstein 4 wk. 4 0.16-0.38 0.28 
C498 Holstein 4 wk. 5 0.16-0.29 0.25 
C461 Guernsey 4 wk. 8 0.05—0.26 0.17 
C463 Guernsey 4 wk. 6 0.13-0.53 | 0.38 
C464 Guernsey 4 wk. 6 0.21-0.38 0.30 
C496 Jersey 5 wk. 6 0.16-0.42 0.25 
C462 Holstein 6 wk. 9 0.21-0.51 | 0.36 
C459 Brown Swiss 7 wk, 2 0.03-0.16 0.09 
C460 Holstein 7 wk. | 7 0.09-0.31 | 0.17 
C465 Jersey 7 wk. 7 0.34—0.55 0.46 
C452 Holstein 5 mo. 4 0.16-0.36 0.24 
C456 Holstein 9 mo. 9 0.21-0.34 | 0.28 
C457 Holstein 9 mo. 9 0.18-0.31 0.24 
A35 Holstein 9 mo. 10 0.25-0.67 0.36 
A34 Holstein 11 mo. 7 0.44-0.77 0.56 
A33 Holstein 12 mo. 10 | 0.38-0.64 | 0.50 
Mean . | 0.03-0.77 | 0.32 
Heifers 
AS Holstein 20 mo. 9 0.42-0.62 0.54 
C424 ...... Holstein 28 mo 9 0.24—0.49 0,36 
a Guernsey 29 mo. 9 0.26-0.59 0.42 
A29 ........ | Holstein 34 mo. 9 0.46—0.80 0.63 
Mean | 0,24-0.80 0.49 


The mean and range of ascorbic acid values obtained for the 24 mature 
cows, either open or in various stages of pregnancy, are presented in table 
2. The mean values obtained for the individual cows varied between 0.29 
and 0.65 mg. per 100 ml. of plasma, whereas the mean of all of the values 
was 0.44 mg. (range 0.11 to 0.80 mg.). There was no significant difference 
in the means or range of values between the pregnant and open cows 
although the ascorbic acid values had a tendency to be higher in the blood 
of the pregnant cows. 

Table 3 shows the variations found at weekly intervals in the concentra- 
tion of ascorbic acid in the plasma of six calves from birth to 10 weeks of 
age on a whole milk ration. The mean value obtained for this group of 
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TABLE 2 
Plasma ascorbic acid values obtained from normal cows 


No. 
Cow No. Breed Age samples Range Mean 
taken 
2 yr. mg. per 100 ml. of plasma 
i 66 _| Jersey 3 9 0.17-0.46 0.33 
289 Holstein 3 20 0.20-0.61 0.37 
290 Holstein 3 8 0.25-0.58 0.47 
A26 ; Holstein 3 22 0.40—0.80 0.61 i 
A27 Holstein 3 27 0.48-0.78 0.63 
A25 Holstein + 9 0.48-0.77 0.58 
284 Holstein 4 7 0.26-0.63 0.40 | 
285 . | Holstein 4 20 0.23-0.53 0.36 
A22 . | Holstein 5 27 0.24-0.55 0.39 
A23 . Holstein 5 19 0.31-0.61 0.41 
269 . Holstein 5 20 0.28-0.55 0.39 
Al8 ......... | Holstein 6 17 0.38-0.72 0.54 
78 Jersey 6 9 0.36-0.53 0.43 
264 . Holstein 6 17 0.21-0.55 0.39 
266 Holstein 6 18 0.40-0.61 0.50 
267 . | Holstein 6 17 0.43-0.53 0.46 
Al5 Holstein 7 2 0.27-0.52 0.39 | 
237 Brown Swiss 7 9 0.53-0.76 0.65 
Al4 . | Holstein 8 9 0.29-0.43 0.35 
239 . Brown Swiss 8 9 0.42-0.57 0.46 
A6 . | Holstein | 10 23 0.11-0.46 0.30 } 
D14 Holstein 13 9 0.24-0.36 0.29 
D5 . | Holstein 14 18 0.20-0.71 0.37 i 
D9 | Holstein 14 11 0.39-0.53 0.40 
Mean 0.11-0.80 0.44 
TABLE 3 | 
7 Variations in the concentration of plasma ascorbic acid in young calves and cows 
Calf Age in weeks | | 
No Mean 
Calves 
mg. per 100 ml. of plasma 
C460 | O26 | | 0.09 | 0.31 | 0.11 | 0.21 | 0.17 i 
C461 0.05 | 0.19 | 0.14 | 0.25 | 0.12 | 0.12 | 0.26 | 0.21 | ........ 0.17 i 
C462 0.43 | 0.26 | 0.21 | 0.42 | 0.35 | 0.28 | 0.51 | 0.29 | 0.47 0.36 
C463 0.45 | 0.28 | 0.53 | 0.50 | 0.40 ee, Gaeee 0.38 
C464 wee | 0.26 | 0.33 | 0.34 | 0.21 | 0.28 | 0.38 al =~ 0.30 
C465 sae joan ow 0.34 | 0.43 | 0.54 | 0.47 | 0.42 | 0.44 | 0.55 0.46 
Mean _ | ...... 0.31 
Cows* 
269 0.29 | 0.55 | 0.52 0.40 | 0.38 0.32 | 0.28 0.38 | 0.43 | 0.42 | 0.40 
; 285 0.26 | 0.23 | 0.48 | 0.23 | 0.53 | 0.35 | 0.30 | 0.37 | 0.32 | 0.38 0.35 
289 0.38 | 0.48 | 0.31 | 0.61 | 0.31 | 0.30 | 0.38 | 0.32 | 0.20 | 0.47 | 0.38 
290 0.29 | 0.25 | 0.58 | 0.54 | 0.58 | 0.58 | 0.37 | 0.57 . ies 0.47 
A26 0.47 | 0.58 | 0.51 | 0.58 | 0.58 | i. 0.54 
A27 0.74 0.54 | 0.61 | 0.54 | 0.48 | 0.67 | 0.58 | 0.57 | 0.61 0.59 


* Samples taken at irregular intervals over a period of six months. 
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calves was 0.31 mg. per 100 ml. of plasma (range 0.05 to 0.55 mg.). The 
outstanding feature of table 3 is the marked variations that occurred in the 
concentration of ascorbic acid from week to week. The very low values 
obtained for calf C460 were not associated with malnutrition or disease. The 
ealf was normal in all respects. Calf C461, on the other hand, had very low 
ascorbie acid values and died from gastro-enteritis but calf C463 had fairly 
high ascorbic acid values and died from gastro-enteritis also. It is not 
likely that the amount of ascorbic acid in the blood plasma had any relation- 
ship to the disease. The other three calves were in good condition and in 
normal health during the time these samples were taken. 

The individual mean and range of ascorbie acid values obtained at irregu- 
lar intervals over a period of six months for six lactating Holstein cows are 
presented in table 3. The individual mean values varied from 0.35 to 0.59 
mg. per 100 ml. of plasma but the mean value obtained for this group of 
cows was about the same as that given in table 2. 


TABLE 4 
Daily variation in the amount of plasma ascorbic acid in lactating Holstein cows 
— 1|/ 2] 3 | 8 | 9 | 10| Mean 
No. 
mg. per 100 ml. of plasma 
A6 0.33 | 0.43 | 0.45 | 0.29 | 0.23 | 0.28 | 0.23 | 0.17 | 0.25 | 0.26 | 0.29 
A23 0.59 0.59 0.51 | 0.37 | 0.48 | 0.44 | 0.28 | 0.19 | 0.22 | 0.16 0.38 
269 0.52 | 0.53 | 0.40 | 0.32 | 0.33 | 0.38 | 0.38 0.24 | 0.32 | 0.28 0.37 
285 0.53 | 0.55 | 0.40 | 0.35 | 0.35 | 0.37 | 0.30 | 0.37 | 0.29 | 0.37 0.39 
289 0.61 | 0.50 0.31 | 0.40 | 0.30 | 0.36 | 0.38 | 0.19 | 0.32 | 0.31 0.37 
A18 0.56 | 0.59 0.59 | 0.56 | 0.73 0.70 | 0.50 | 0.56 0.60 
267 0.40 | 0.43 0.33 | 0.42 | 0.55 | 0.53 | 0.48 | 0.42 0.45 
D9 0.36 | 0.33 | 0.31 | 0.35 | 0.53 | 0.42 | 0.44 | 0.26 0.38 
Mean | 0.41 


Table 4 shows the daily variations that occurred in plasma ascorbic acid 
of eight lactating Holstein cows. The cows were bled each day at the same 
hour for a period of 8 or 10 days. Considerable individual variation oc- 
eurred from day to day in all of the cows but the widest range was shown by 
cows A23 and 289 and the least variation was shown by cows A18 and 267. 
The values presented in table 4 indicate that there may be as much variation 
in plasma ascorbic acid from day to day as there is from animal to animal. 

The data in table 5 show the diurnal variations that occurred in the 
plasma of heifers and lactating cows during a 24-hour period. The diurnal 
variations were determined for five cows (A22, A26, A27, 264 and 266) for 
two different 24-hour periods. Considerable variation was found for many 
3-hour periods in all of these cows but these variations could not be corre- 
lated with the time of feeding or the time after feeding. The mean daily 
values observed for A26, A27 and 266 for two different 24-hour periods were 
not significantly different. Cow A22 had a mean ascorbic acid value of 0.31 
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mg. per 100 ml. of plasma for one 24-hour period and 0.43 mg. for the other 
24-hour period. Cow 264 had a mean value of 0.30 mg. for one 24-hour 
period and 0.47 mg. for the other period. 

The narrowest range observed for any one 24-hour period was for cow 
267 (minimum 0.43 mg., maximum 0.53 mg.) and the widest range was ob- 
served in cow A26 (minimum 0.40 mg., maximum 0.80 mg.). When the 
differences between the minimum and maximum values obtained at 3-hour 
intervals were summarized for each 24-hour period it was found that 5 cows 


TABLE 5 
Diurnal variations in the concentration of plasma ascorbic acid in dairy cattle 


Three-hour interval 
Animal Mean 
No. 1 | 2 | 3 | 4 5 6 7 | 8 | 9 
mg. per 100 ml. plasma 

237* 0.70 0.76 0.59 | 0.53 0.62 0.60 | 0.69 | 0.76 | 0.61 0.65 
237t 0.70 0.70 0.70 | 0.70 0.64 0.70 0.70 | 0.70 0.73 0.70 
264* 0.52 0.53 0.34 | 0.45 0.48 0.44 0.50 | 0.55 0.45 0.47 
264t 0.52 0.53 0.52 | 0.47 0.54 0.51 0.51 | 0.51 0.56 0.52 
264t 0.43 0.39 0.23 0.35 0.29 0.27 0.21 | 0.23 0.30 
A22* 0.40 0.37 0.29 | 0.44 0.54 0.38 0.44 0.55 0.48 0.43 
A22t 0.40 0.40 0.40 0.40 0.48 0.39 0.43 | 0.43 0.43 0.42 
A22t 0.31 0.36 0.31 | 0.29 0.29 0.35 0.33 | 0.34 | 0.24 | 0.31 
A25* 0.48 0.51 0.77 0.63 0.62 0.61 0.62 | 0.51 | 0.48 , 0.58 
A25t 0.51 0.50 0.50 0.51 0.51 0.51 0.51 | 0.47 | 0.48 | 0.50 
266* 0.40 0.44 0.61 | 0.52 0.40 0.48 0.54 0.50 0.51 | 9.49 
266+ 0.42 0.40 0.40 | 0.42 0.42 0.42 0.42 0.39 | 0.39 | 0.41 
266; 0.57 0.57 0.58 | 0.50 0.49 0.47 0.47 0.56 0.47 | 0.52 
267 0.53 0.46 0.43 0.46 0.43 0.50 0.52 0.46 | 0.47 
66 0.46 0.37 0.37 | 0.24 0.25 0.38 0.40 0.32 0.17 | 0.33 
78 0.50 0.52 0.53 0.43 0.36 0.36 0.36 0.43 0.36 0.43 
239 0.50 0.57 0.50 0.43 0.47 0.43 0.42 0.43 0.43 | 0.46 
Al4 0.35 0.36 0.36 0.43 0.36 0.36 0.31 0.33 0.29 0.35 
A18 0.62 0.38 0.38 0.72 0.39 0.43 0.50 0.52 | 0.49 
A26¢ 0.67 0.60 0.66 0.62 0.66 0.59 0.60 0.71 | 0.64 
A26t 0.72 0.64 0.65 0.62 0.66 0.80 0.60 | 0.51 | 0.40 0.62 
A27t 0.77 0.7 0.69 0.62 0.61 0.7 0.64 | 0.57 | 0.70 0.68 
A27t 0.67 0.60 0.68 0.54 0.70 0.72 0.49 | 0.48 | 0.58 | 0.61 
C424 0.49 0.43 0.36 0.29 0.24 0.31 0.35 | 0.35. | 0.29 | 0.35 
p14 0.28 | 0.29 | 0.26 | 0.24 | 0.26 | 0.33 | 0.28 | 0.31 | 0.36, 0.29 


* Filtrate prepared from blood sample taken at 3-hour interval. 

t Filtrate prepared at start of experiment from plasma of first sample and analyzed 
at 3-hour intervals. 

+ Samples obtained on different dates. 
had differences between 0.10 and 0.20 mg., 8 cows had differences between 
0.21 and 0.30 mg., and only 2 cows showed differences between 0.31 and 0.40 
mg. The major differences were not observed to occur at any regular in- 
terval during the day. When ascorbic acid determinations were made for 
two cows at 6-hour intervals for a 48-hour period, it was found that the 
range of values was similar to that obtained at 3-hour intervals and that 
the minimum and maximum values did not occur at the same time each day. 
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The data presented in table 5 also indicate that plasma filtrates can be 
stored at 2° C. for 24 hours without any significant loss of ascorbie acid. The 
variations in the plasma filtrate which did oceur in the determinations made 
at 3-hour intervals were within the accuracy of the method and could not 
be ascribed to changes in concentration of ascorbic acid. The maximum 
variations that occurred above and below the initial values were + 0.08 mg. 
and — 0.06 mg. per 100 ml. of plasma. These variations were usually less 
than those obtained from the blood samples taken at 3-hour intervals. The 
major variations obtained in the samples taken at 3-hour intervals are in- 
terpreted to mean actual differences in the amount of ascorbie acid in the 
plasma and not due to the method of determination. 

DISCUSSION 

The results of this investigation indicate very clearly that there are 
marked differences in the amount of ascorbie acid in the plasma of normal 
calves and lactating cows. The results also indicate that there are even 
greater differences in the level of ascorbic acid in the plasma of individual 
normal animals. <A value that might be considered normal for one animal 
could be considerably higher or lower than another normal animal of the 
same age or same physiological condition. The values were found to vary 
not only from animal to animal but also major variations were found to 
occur from day to day and from hour to hour. 

The mean and range of ascorbic acid values obtained from 356 determina- 
tions on 24 normal cows was found to be 0.44 mg. per 100 ml. of plasma 
(range 0.11 to 0.80 mg.). These values are in agreement with the values 
reported by Phillips et al. (6) but they are considerably lower than the range 
of values reported by Knight and co-workers (3) and they are higher than 
the mean value reported by Wallis (11). 

From the results of this investigation it would appear that the normal 
level of ascorbic acid cannot be determined with any degree of accuracy by 
random sampling. Wide fluctuations were found to occur from day to day 
and from one 3-hour period to another under presumably identical condi- 
tions. These fluctuations could not be correlated with the normal period of 
feeding even though many of the blood samples were taken at the same hour 
each day. 

The average content of ascorbic acid in the blood of calves from birth 
to 12 months of age was 0.32 mg. per 100 ml. of plasma whereas the ascorbic 
acid in the blood of heifers from 20 to 34 months of age was 0.49 mg. The 
number of animals used in this study was too small to make the results éon- 
clusive but they indicate that the ascorbic acid content of the blood of young 
calves is low and that there is a tendency for this vitamin to increase as the 
animal reaches maturity. 
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SUMMARY 


1. Nineteen calves, 4 heifers and 24 cows were used to determine the 
variations that occur in the plasma ascorbic acid of normal dairy animals. 

2. The mean ascorbie acid value found for the calves was 0.32 mg. per 
100 ml. of plasma (range 0.03 to 0.77 mg.), for the heifers was 0.49 mg. 
(range 0.24 to 0.80 mg.) and for the cows was 0.44 mg. (range 0.11 to 0.80 
mg.). 

3. Marked variations were found to occur in the amount of ascorbie acid 
in the blood when the samples were taken at the same hour each day for a 
period of 8 or 10 days. 

4. Marked variations were also found to occur in the amount of ascorbic 
acid in the blood of individual cows when the samples were obtained at 
3-hour intervals. 

5. These data indicate that random ascorbie acid determinations are of 
little value in determining the normal concentration of this vitamin in the 


blood of dairy animals. 
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BOOK REVIEW 


670. Nutrition and Chemical Growth in Childhood, Volume I: Evalua- 
tion. Ici G. Macy, Director of Research Laboratory of the Chil- 
dren’s Fund of Michigan. Charles C. Thomas, Publisher, Spring- 
field, Illinois. 


The purpose of this book is not especially to trace new scientific problems 
but as stated, ‘‘to contribute to the enlargement of scientific knowledge of 
nutrition and growth in childhood.’’ This means, that even though the 
results might only confirm earlier experiences, its purpose still will be ful- 
filled. The value of the work presented here lies in its fine organization, the 
thoroughness with which the experiments have been carried out and the 
honest and well-arranged presentation, which altogether very well might 
serve as a pattern for other similar investigations. 

The book is divided in two main parts. The first part presents results 
from the ten-year study, in which 50 physicians, chemists, dieticians and 
home-economists have participated. The last part outlines the chemical 
methods used by the authors. It is possible to follow the planning of the 
experiments and the experiments themselves in all details. 

The great majority of the numerous observations and figures presented 
are original and only now and then compared with other investigators’ 
results, when such comparison was found proper for a verification. This 
fact increases the value of the book considerably and makes it a precious 
source of information for any nutritionist or pediatrician when planning 
diets for children. 

The ‘‘Introduction’’ and ‘‘General Considerations’’ deserve special at- 
tention. Some of the statements here are of fundamental character as, 7.e., 
‘The purpose of the intensive investigations of normal children, which have 
been carried out in this laboratory for ten years, has been to obtain sufficient 
knowledge of the normal child to enable comparative evaluation of the 
metabolism of the ill child.’’ 

No doubt, Dr. Macy touches here something very important. Too often 
our attention is attracted one-sidedly to the sick child, but for a sound judg- 
ment we cannot very well know too much about the food metabolism of the 
healthy child, and here Dr. Macy’s book furnishes ample contributions to 
earlier knowledge. The justification for the investigation of this, the nor- 
mal child’s nutrition and growth, is expressed in another statement : ‘‘It is 
evident, that the attainment of maximum capacity toward maturity requests 
growth and development during optimal nutritional conditions.’’ 

Finally it is worth while to point out that the experiments presented 
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show that the best food science at present is able to give children apparently 
does not always procure sound and strong teeth without caries. There is 
evidently still some possibility for further improvement in children’s nutri- 
tion, especially in regard to the mineral metabolism. 

The second part of the investigation of Dr. Macy and coworkers, called 
‘Volume II: Interpretation,’’ in which the implications will be discussed, 
must be looked for with keen interest. Bernard Spur. 


BREEDING 


671. The Effect of the Age at the First Calving on Growth and Fat Pro- 
duction and the Results with Respect to Economy of Production. 
Aldern vid férsta kalvduktionsresultatet.) Artur Hansson, 
Lantbrukshégskolans institution for avelsochrasliira. Kung]. Lant- 
bruksakademiens Tidskrift, 80, No. 5: 387-412 (English summary, 
411-412). 1941. 


The effect of the age at the first calving on the growth and fat production 
of Swedish Red and White Cattle (S.R.B.) was studied. The growth of the 
cow continues until it is 6 years of age. The growth is retarded by the milk 
secretion during the first lactation, otherwise the full-grown stage would 
probably be reached at 4} to 5 years of age. The age at first calving has no 
effect on the ultimate size of the cow. This conclusion, however, is based 
only on heifers which have reached at least 27 months of age before calving. 
The butter-fat yield during the first lactation increases with increasing age 
at first calving. After the cow has reached 36 months of age, the rise in 
yield with increasing age is very slight. This is probably due to the fact 
that more than one gestation is needed for a full development of the udder 
of the cow. The fat production of the mature cow (7-9 vears old) is not 
influenced by her age at first calving. The age at first calving has no effect 
on the fat content on the milk. The lifetime record of the cow shows a 
tendency to decrease, and the age at culling to increase with increasing age 
at first calving. The latter depends on a more intensive selection. of young 
first calvers. The total fat production until 8 years of age decreases greatly 
with increasing age at first calving. A first-calving interval of 13 to 15 
months and a second of not more than 13 months results in the greatest daily 
fat production during these two intervals. Cows calving the first time at 
a low age should not be bred again before 4-5 months after calving. The 
relation between the cow’s production of butter-fat and her feed consump- 
tion during her whole life, viz., the economy of the milk production, is 
greatly influenced by the age at first calving. If the average age of the cows 
at first calving is reduced by 6 months, the fat production per 1000 feed 
units increases by 3.5 kg. butter-fat. It may be concluded that the most 
suitable age at first calving for cows of the Swedish Red and White breed 
is about 26-28 months. R.E.L.B. 
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672. The Influence of Inbreeding on Birth Weight, Rate of Growth, and 
Type of Dairy Cattle. J. W. Bartiett, R. P. Reese, anp O. L. 
Leparp, N. J. Agr. Expt. Sta., New Brunswick, N. J. Jour. Anim. 
Sci., 1, No. 3: 206-212. <Aug., 1942. 


This is a progress report of a long-time project in which 45 Holstein- 
Friesian cows were selected as foundation animals on the basis of size, good 
type, and mature equivalent Class C fat production of 480 pounds with the 
milk testing at least 3.6% butterfat. Four bulls were selected as founda- 
tion sires at the beginning of the experiment. The progeny of the founda- 
tion animals were mated as follows: (1) sire-daughter matings; (2) brother- 
sister matings; (3) matings with less than 50% of the same blood and (4) 
outbreeding. The last system of mating was used as a control. 

Birth weights and measurements on 76 inbred and 76 outbred heifers 
show that the inbred heifers were as large at birth and grew as rapidly as 
the outbred animals. There appeared to be no relation between the intensity 
of inbreeding and type. C.F.H. 


673. Effect of Diluters and Storage upon Fecundity of Bovine Semen. 
G. K. L. Unperssera, H. P. Davis, anp R. E. SPANGLER, Univ. 
Nebr., Lincoln. Jour. Anim. Sei., 1, No. 2: 149-154. May, 1942. 


Fresh semen samples which had the following treatments were used to 
inseminate a total of 931 cows: (1) no treatment; (2) diluted with fresh 
egg yolk buffer; (3) diluted with stored egg yolk buffer; (4) diluted with 
autoclaved milk. A corresponding set of samples with the same treatments 
were stored for varying lengths of time prior to insemination. 

The treatments accorded the fresh and stored semen in the various groups 
had no significant effect on the percentages of conception when compared 
with the controls. Although the semen samples which were stored had a 
high degree of motility of the spermatozoa, the conception percentages were 
significantly lower. The authors suggest that other unknown factors are in 
operation which cause loss of the fertilizing capacity of spermatozoa despite 
the retention of a high degree of motility. C.F.H. 


BUTTER 


674. Flavor Development in Salted Butter by Pure Cultures of Bacteria. 
W. H. Hoecker anp B. W. Hamner, lowa Agr. Expt. Sta., Ames, 
Iowa. Iowa Agr. Expt. Sta. Res. Bul. 290. Aug., 1941. 


Pure cultures of various streptococci produced relatively large amounts 
of diacetyl and acetylmethylearbinol in milk containing added citrie acid. 
These included S. citrovorus or 8. paracitrovorus, 8. diacetilactis, 8. citro- 
philus and an unidentified organism H28. 8S. aromaticus, which does not 
ferment citric acid, produced diacetyl and small amounts of acetylmethyl- 
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carbinol in milk. With each of the species the ratios of diacetyl to acetyl- 
methylearbinol varied in the different trials; frequently, the diacetyl was 
much higher in proportion to the acetylmethylearbinol than with butter 
cultures. 

The diacetyl contents of cream-plus-culture immediately after mixing 
were both higher and lower than the theoretical amounts calculated from 
the diacetyl contents of the cream and culture; the carbinol contents were 
about the same as the theoretical values in most trials, but were higher in 
some instances. 

In cream-plus-culture held 16 hours at approximately 40° F., the diacetyl 
and acetylmethylearbinol contents increased when butter culture, 8. diaceti- 
lactis or 8S. citrophilus was used ; decreases often occurred with S. citrovorus 
or 8. paracitrovorus; usually, little or no change occurred with organism 
H28 or S. aromaticus. 

Butter made without the use of culture or with S. aromaticus contained 
only small amounts of diacetyl and acetylmethylearbinol, whereas butter 
made with the other cultures commonly contained appreciable amounts of 
these compounds. 

Only small percentages of the diacetyl and acetylmethylearbinol present 
in cream-plus-culture were retained in the butter, the remainder being in 
the buttermilk; the percentage retention was essertially the same with the 
different cultures, although with each culture there was considerable varia- 
tion from one churning to another. 

Both increases and decreases in diacetyl occurred in butter held 1 day 
at 40° F. and then 2 and 4 weeks at 35° or 0° F., the larger changes usually 
occurring with butter held at 35° F. Occasionally, increases in diacety] 
contents after 2 weeks were followed by decreases after 4 weeks. Except in 
a few instances, the acetylmethylearbinol contents did not change appre- 
ciably. 

Butter made with butter culture, 8S. citrovorus, 8S. paracitrovorus or 8. 
citrophilus usually contained relatively large amounts of diacetyl and 
acetylmethylearbinol and commonly placed high in a series of churnings. 
However, butter containing exceptionally large amounts of diacetyl and 
acetylmethylearbinol sometimes placed low and was criticized as being coarse, 
sour, oily or containing some other objectionable flavor. Butter made with- 
out culture or with 8. aromaticus contained only small amounts of diacety] 
and acetylmethylearbinol and usually placed low. Author’s Abstract. 


CHEESE 


675. Calcium Oxide and Sugar in Cheese Manufacture. J. (. Mar- 
quarpT, N. Y. Agr. Expt. Sta., Geneva. Natl. Butter and Cheese 
Jour., 33, No. 8:40. August, 1942. 


After preliminary laboratory tests, ten batches of cheese were made in 
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a New York State cheese factory during April, 1941. The ‘‘fodder milk’’ 
delivered on 4 days represented the regular make; 2 oz. calcium oxide and 
12 oz. of sugar were added to each 1000 Ibs. of milk on each of three days; 
on three days half of these amounts of oxide and sugar were added to the 
milk and half to the curd. After 6 months curing at 40° F. the cheese were 
scored. Two of the four controls were called ‘‘good’’ while two were eriti- 
cized for fodder flavor. When the oxide and sugar were added to both milk 
and curd there was ‘‘slight checking in the cheese texture.’’ The three lots 
of cheese made with all the oxide and sugar in the milk were ‘‘good,’’ two 
were like grass cheese, the third had cheese flavor. Further holding for 30 
days at room temperature and 60 days cold storage confirmed the beneficial 
effects. The author states that the calcium oxide is transformed to caleium 
lactate which is less astringent than lactic acid, thus rendering less pro- 
nounced such undesirable flavors as fodder, unclean and others. The action 
of sugar is difficult to explain. W.V.P. 


676. Wisconsin Cheese. WALTER V. PRICE AND CATHERINE J. PERSONIUS, 
Depts. Dairy Inds. and Food Technol. Res., Univ. Wis. Wis. Med. 
Jour., 41, No. 2: 126-128, 170. 1942. 
R.E.L.B. 
CHEMISTRY 


677. Some Aspects of the Rate of Reaction of Oleic Acid with Oxygen. 
J. L. Henperson anp H. A. Youne, Univ. Calif., Davis. Jour. 
Phys. Chem., 46, No. 6: 670. 1942. 


Purified oleic acid, and preparations (three methods of purification 
cited) was introduced into reaction chambers, and under controlled condi- 
tions subjected to oxygen systems. The rate of oxygen absorption was 
determined by use of iodine and peroxide numbers tests. The rate of O, 
absorption was found to be a function of the concentration of oleic acid. 
Fivefold variation in oxygen pressure did not affect the induction period ; 
when 0.1 mole of oxygen was absorbed per mole of acid, the oxygen absorp- 
tion was then found a function of oxygen pressure and for which a rate 
equation was derived. Substantiative evidence is presented based on the 
formation of peroxides and the destruction of double bonds that peroxide 
formation is the first reaction in the oxidation of oleic acid. K.G.W. 
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678. Keeping Quality of Powdered Whole Milk. H. A. HoLLENpDER ANp 
P. H. Tracy, Univ. Ill, Urbana. Natl. Butter and Cheese Jour., 
33, No. 8:8. Aug., 1942. 
See Journal of Dairy Science, 25, No. 3: 249-274. Mar., 1942. 
W.V.P. 
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DISEASE 


679. Immunization Against Bovine Trypanosomiasis. H. E. Hornsy. 
Trans. Roy. Soc. Trop. Med. and Hyg., 35, No. 3: 165-176. 1941. 


The experiment indicated that there is as yet no practical method of 
immunizing cattle against trypanosomiasis. Through Trop. Diseases Bul., 
39, No. 4: 242-244. 1942. R.E.L.B. 


680. Undulant Fever. D. G. MAHLE, Plainview, Minn. Minn. Med., 25, 
No. 3: 177-180. 1942. 


A brief history of the origin and distribution of undulant fever is given 
with particular emphasis on Minnesota. The symptoms and characteristics 
of the disease are briefly described. Four personally observed and treated 
eases are reported with cures and no recurrences to date. Bang’s testing 
of all cattle and pasteurization or boiling of all milk are essential in the 
control of this disease. R.E.L.B. 


681. New Developments in the Diagnosis and Treatment of Brucellosis 
(Undulant Fever). WaAtter M. Simpson, Kettering Inst. Med. 
Res., Miami Valley Hospital, Dayton, Ohio. Minnesota Med., 24, 
No. 9: 725-738. 1941. 


An address. The most important consideration in the control of brucel- 
losis is adequate, controlled pasteurization of all milk and other dairy 
products. R.E.L.B. 


682. A Milk-Borne Outbreak of Gastroenteritis in Oklahoma City. 
Irvine M. Terzicu, U. S. Pub. Health Service, County-City Health 
Dept., Lawton, Okla. South. Med. Jour., 35, No. 8: 773-780. 
1942. 


An outbreak of food poisoning affecting 71 individuals occurred in 
Oklahoma City and surrounding Oklahoma County communities on July 1-2, 
1941. The cause of the outbreak is believed to have been a highly con- 
taminated milk supply. The milk had not been properly pasteurized ; 
hemolytic staphylococci and toxin-producing cocci were shown to be present 
as were organisms of the coli-aerogenes group. A large amount of neu- 
tralizer in the form of carbonates had been added. The victims of the 
food poisoning suffered from extremely acute gastroenteritis but no deaths 
were reported. The plant from which the suspected milk supply was ob- 
tained employed inadequate pasteurization equipment for the processing 
of that portion of the milk shipped to Oklahoma City and vicinity. The 
subsequent contamination of the milk is believed to have been due to an 
employee afflicted with skin eruptions on his arms, hands, and face, who 
capped the gallon jug containers by hand. The attacks of gastroenteritis 
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were probably due to the ingestion of toxin-producing cocci and hemolytic 


staphylococci. R.E.L.B. 


683. Undulant Fever. Freperic W. Laturop, 909 Park Ave., Plainfield, 
N. J., Jour. Med. Soe. N. J., 37, No. 9: 466-469. 1940. 

The symptoms of Brucellosis in man are extremely variable, but par- 
ticularly they are continued or recurring fever, fatigue, profuse sweats, loss 
in weight and neuritis. The treatment is best carried on by the use of 
sulfanilamide and brucellin therapy. The disease can be eradicated by 
pasteurization of all forms of milk and milk products, and eventually by the 
elimination of the infection in cattle and goats. R.E.L.B. 


684. Acute Gastroenteritis Due to the Elaboration of Enterotoxin by 
Staphylococcus aureus in Buttermilk. O. L. CHASON AND 
C. H. Waite, Mobile County Health Dept. and Bur. Lab. Ala. State 
Dept. Health, Mobile. Jour. Med. Assoc. State Ala., 71, No. 11: 
390-391. 1942. 

Epidemiologic investigation of an outbreak of gastroenteritis indicated 
that it was attributable to the ingestion of homemade buttermilk. Eleven 
persons in 4 families became acutely ill after drinking the buttermilk. Six 
persons in 2 of the same familes, who drank no buttermilk but otherwise 
partook of the same foods, did not become ill. In a third family the butter- 
milk was used in the preparation of biscuits; one person complained of indi- 
gestion following the meal at which these biscuits were served. From the 
buttermilk a pure culture of Staphylococcus aureus was isolated, which, 
when grown under proper conditions, produced an enterotoxin demonstrable 
by the Dolman kitten test. R.E.L.B. 


685. Undulant Fever. RaGNnar T. WestmAN, U.S. Public Health Service, 
Kansas City. Jour. Kans. Med. Soc., 42, No. 11: 468-71. 1941. 
Undulant fever, due to raw milk, is an important disease in Kansas. 
The problem of prevention is discussed. Testing cows gives only poor pro- 
tection, since the disease may appear in the herd and be transmitted through 
the raw milk between tests. No vaccination of cows offers any protection 
against undulant fever. Pasteurization affords the best safeguard against all 
milk-borne diseases, including undulant fever. R.E.L.B. 


686. The Types of Tubercle Bacilli Isolated from Human Tuberculosis 
in Japan. Kaoru Urase, Inst. Bact. Sitzber freien iirztl. Ver. 
med. Fakultit kaiserl. Kyisyi-Univ. Hukuoka (276 Sitzung, 23 
Februar 1940) ; Hukuka Acta Med., 33, No. 7: 869 (in Japanese) 

(in English, 62). 1940. 
Human tuberculosis of bovine origin is proportionately less common in 
Japan than in America and Europe. This may be due to the low per- 
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centage of tuberculous cattle in Japan and to the national custom of not 
drinking raw milk. R.E.L.B. 


687. Internal Parasites of Cattle. G. Dikmans. U.S. Dept. Agr. Cire. 
614. Jan., 1942. 


A comprehensive treatise on the subject indicated. Gives location, ap- 
pearance, life history, distribution, symptoms, lesions, prevention and treat- 
ment of the important internal parasites, including roundworms, hook- 
worms, lungworms, tapeworms, flukes, protozoans, and numerous others. 


J.G.A. 


688. Bloat in Cattle. H. H. Coie, S. W. Mean, anp M. Kuerer. Calif. 
Agr. Expt. Sta. Bul. 662. Feb., 1942. 


Pressures within the rumen of a cow were studied by means of a specially 
devised plug for a ruminal fistula. Belching occurs when the pressure is 
raised in the rumen by means of an active contraction of the ruminal 
musculature. Increased pressure, in itself, does not foree gas from the 
rumen through the esophagus, as is illustrated by the artificial introduc- 
tion of gas into the rumen. The amount of ruminal gas formed, both in a 
cow with a ruminal fistula and in a normal cow, was determined on rations 
of alfalfa hay alone, on green alfalfa alone, and on hay and grain. The 
amount of gas formed is more closely correlated with the time after eating 
than with the nature of the ration and is directly related to the amount of 
feed eaten. The composition of rumen gas was the same irrespective of the 
type of feeds in these experiments. 

The theory is prosed that the expulsion of gas from the rumen by belch- 
ing is a reflex mechanism dependent upon an adequate amount of fibrous 
material of a prickly nature. Succulent legumes and concentrates contain 
a minimum of fiber and are therefore particularly conducive to bloat. 
Preventive measures consist in the introduction of sufficient fiber in the 
ration of initiate belching. J.G.A. 


689. Studies with Sulfabenamide. I. Blood Levels and Elimination in 
the Urine of Uninfected Rabbits. LoreNz HANSEN AND WILLIAM 
A. KREIDLeR, Jefferson Med. Col., Philadelphia. Jour. Infect. Dis., 
70, No. 3: 208-214. May-June, 1942. 


Methods are deseribed for determining sulfabenamide in blood and 
urine. Tests following oral administration of the drug to uninfected rab- 
bits revealed slow and incomplete absorption from the stomach. Absorption 
was more rapid following intraperitoneal administration. The rate of 
absorption and, with oral administration, the completeness of absorption, 
varied widely between animals ; but for an individual rabbit were fairly con- 
stant during extended or repeated periods of administration. No severe 
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toxicity was found with a daily intake of 0.5 g. per kg. of body weight over a 
period of 1 week or with an intake of 0.25 g. over a period of 2 weeks. 
J.F.C. 


690. Studies with Sulfabenamide. II. Therapeutic value, Blood Levels, 
and Elimination in the Urine of Rabbits Infected with Beta 
Hemolytic Streptococci. LorENz HANSEN AND WILLIAM A. 
Kremwier. Jefferson Med. Col., Philadelphia. Jour. Infect. Dis., 
70, No. 3: 215-220. May—June, 1942. 


Sulfabenamide was administered orally to 69 rabbits infected with beta 
hemolytic streptococci. A group of 40 infected animals served as controls. 
Of the treated group 60.9% recovered, but only 26.5% of the control group 
recovered. Heavy initial dosage with a gradual decrease was more effective 
than regular administration of intermediate amounts. Comparison tests 
showed that sulfabenamide had about the same effectiveness against beta 
hemolytic streptococcal infections as did sulfanilamide. The concentration 
of sulfabenamide in the blood and the rate of its exeretion in the urine 
appeared to have no relation to survival time in the treated animals. 

J.F.C, 
FEEDS AND FEEDING 


691. The Content of Metabolizable Energy in Feeds. (Fodrets innehall 
av omsattbar energi.) Jorn Axeusson. Kungl. Lantbruksaka- 
demiens Tidskrift, 80, No. 5: 353-364 (English summary, 363). 
1941. 


The metabolizable energy in keal. per g. digestible organic matter and 
the adjusted factors for the calculation of the starch value are as follows: 
(a) protein: coar: + fodder 4.30, 1.14; concentrates 4.50, 1.20; (b) ether ex- 
tracts: coarse fodder 7.80, 2.07; grains 8.30, 2.21; seeds of oil plants 8.80, 
2.34; animal fodder 9.30, 2.47; and (¢) carbohydrates: polysaccharides 3.76, 
1.00; trisaccharides 3.62, 0.96; disaccharides 3.56, 0.95; monosaccharides 
3.38, 0.90; nitrogen-free extract (average) 3.70, 0.98; crude fiber 2.90, 0.77, 
respectively. These values can be used for a satisfactory calculation of the 
contents of metabolizable energy for ordinary feeds, when the chemical com- 
position and digestibility are known. The amount of metabolizable energy 
must be determined by respiration experiments, however, for such artificial 
products as ‘‘Strohstoff,’’ ‘‘Dimpfstroh,’’ cellulose and a few others. Since 
the amount of metabolizable energy is a straightline function of the contents 
of protein and crude fiber in the dry matter of the ration, the difference 
method gives reliable results, even for separate feeding stuffs added to the 
basal ration. The nutritive value of feeding stuffs for ruminants can, to 
advantage, be based on the contents of metabolizable energy. R.E.L.B. 
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692. Feeding Values of Silages and Hays. O. M. Camsurn, H. B. ELLEN- 
BERGER, AND C. H. Jones. Vt. Agr. Expt. Sta. Bul. 482. March, 
1942. 


Results are set forth of sundry trials designed to indicate the compara- 
tive feeding values of corn and grass silages and of artificially dried and 
sun cured hays. 

In 1935 pasture grass from a newly seeded pasture, cut in the early hay 
stage during a rainy spell and ensiled with three per cent molasses diluted 
with water was fed in comparison with corn silage to eight dairy cows. Its 
water content was high and its odor disagreeable. The average production 
of 4% milk equivalent per pound of total digestible nutrients when the grass 
and when the corn silages were fed were, respectively, 1.81 and 1.87 pounds, 
a non-significant difference. Live weight grains were much the same in each 
case. 

In 1936-37 timothy grass in the full bloom stage, sun-cured ; artificially 
dried ; and ensiled with added molasses; were fed in comparison with corn 
silage to four groups of unbred heifers in two 120-day trials during two 
years. The average results, respectively, were 7.4, 6.8, 7.2, 6.0 pounds of 
total digestible nutrients consumed per pound live weight gain. 

In 1939 timothy grass, grown during a rainy season, was stored as 
phosphoric-grass silage and as field-cured hay, the latter becoming somewhat 
musty. When fed to two groups of dairy heifers, the silage proved superior 
to the hay, the total digestible nutrient required per pound live weight gain 
being, respectively, 7.0 and 8.1 pounds. J.G.A. 


FOOD VALUE OF DAIRY PRODUCTS 


693. What Consumers Ought to be Told About Nutrition by Milk. 
Henry T. Scorr, Wis. Alumni Res. Foundation, Madison. Dairy . 
World, 21, No. 3:14. Aug., 1942. 


A very timely discussion of the place of milk and dairy products in 
maintaining nutritional efficiency in the armed forees and civilian popula- 
tions. It is stated that milk protein is complete and of high nutritive value ; 
milk sugar is possessed of nutritive qualities not found in other sugars; milk 
fats have been found superior in growth-promoting factors to most other 
fats; milk minerals, particularly calcium and phosphorus, are abundant and 
calcium is a limiting factor in many average diets; the vitamins A, thiamin, 
riboflavin and nicotinic acid are present in good quantity and act to supple- 
ment the lacks in other foods; vitamin D when added to milk is more effee- 
tive than when incorporated in other foods; and the main item in a day’s 
diet should be milk since it fortifies and balances the diet at so many points. 

F.J.D. 
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694. Milk in National Health. An interview with Pror. E. B. Harr, 
Chairman of Section on Biochem., Univ. Wis. Wis. Med. Jour., 41, 
No. 5: 402-406, 432. 1942. Indus. Med. 11, No. 6: 290-292. 
1942. 
R.E.L.B. 


695. Intestinal Implantation with Lactobacillus acidophilus by the Use 
of Bacillus Acidophilous Milk. J. D. Wituis, Med. Arts Bldg., 
Roanoke, Va. Va. Med. Monthly, 68, No. 6: 336-338. 1941. 


A lecture. The addition of 4.5 g. of a superconcentrate of the ‘‘ Bacillus 
acidophilous”’ (Farr Lab., Kalamazoo, Mich.) to 1 quart of whole milk, fol- 
lowed by incubation at 100° F. for 5-6 hours, produced a palatable, thick 
and comparatively sweet acidophilous milk with an acidophilous count of 
800 million to 1 billion bacilli per ec.. From 10 to 14 days are required, 
when 1 quart of acidophilous milk is consumed daily, to bring about a 50— 
60% intestinal implantation and 4 to 6 weeks to effect a 90° implantation. 
The implantation can be hastened by giving small doses of milk of magnesia 
daily as a mild laxative, also by adding lactose or dextrose to the diet. If 
a continuous implantation is desired, the feeding must be continued regu- 
larly ; if discontinued, the intestinal flora will gradually revert to its former 
state. The use of acidophilous milk in various conditions is discussed 


briefly. R.E.L.B. 


696. The Ascorbic Acid Content of Ewes’ Blood, Colostrum, and Milk, 
and the Effect of Ascorbic Acid Injections. G. H. SArrerrie.p, 
E. A. Bamey, Jr., J. E. Foster, anp E. H. Hostetuer, N. C. Agr. 
Expt. Sta., Raleigh. Jour. Nutr., 24, No. 2: 121-219. Aug., 1942. 


Twenty Hampshire ewes were used to study the ascorbic acid content of 
blood plasma, colostrum milk and normal milk, as well as the effect of intra- 
muscular injection of ascorbic acid upon the ascorbie acid in blood plasma 
and milk. The ascorbic acid content of ewes’ blood plasma was 0.43-0.83 
mg. per 100 ml. The colostrum contained 2.01 to 9.94 mg. while normal milk 
contained 0.80 mg. ascorbie acid per 100 ml. 

Intramuscular injection of 2 to 5 gm. of ascorbic acid resulted in a rise 
in the ascorbic acid level in the blood and milk. There was a wide variation 
in the magnitude of the rise in milk ascorbic acid in different animals. 


C.F.H. 
697. Where is Deficiency in Milk Drinking? L. D. Weip, MeCann-Erick- 
son, Inc. Milk Plant Monthly 3/7, No. 1: 35. Jan., 1942. 


A survey consisting of conversations with thousands of consumers, 
mostly housewives, showed a possibility of increasing milk consumption a 
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total of 108° and 73.5°% through milk drinking. Deficiency in milk drink- 
ing was manifest in the adult classes, 44.4% of the men and 49.4% of the 
women drinking no milk at all. Furthermore, the percentage of adult popu- 
lation is increasing yearly due to (1) decrease in birth rate, (2) longer life 
expectancy and (3) large immigrations in early decades. In 1900, 55.7% 
of the total population was adult; today 65.5% is adult. The reasons ad- 
vanced by the adults for not using milk were (1) they disliked milk and 
(2) they could not afford it. Suggestions for milk promotional policy were : 
(1) stress importance of adequate daily amounts of milk, (2) direct the cam- 
; paign largely to adults, (3) direct the campaign to both men and women, 
(4) feature milk drinking by showing how its nutritional value is greater 
than that of other beverages, (5) play up use of milk between meals and at 
bed-time, (6) appeal to the taste factor, (7) play up economy of milk, (8) 
tie up general nutrition story with the government program, and (9) use 
strong emotional appeals to urge action. G.M.T. 


HERD MANAGEMENT 


698. The Family Milk Cow on Georgia Farms. F. W. Fitcu. Ga. Agr. 
: Ext. Serv. Bull. 471. May, 1942. 


: A popular bulletin on the feeding and care of the family cow. Special 
7 features are schedules showing the feed needed by one cow for a year and 
- the crops that may be sown under Georgia conditions to provide sufficient 
“9 roughage and grazing for her. J.G.A. 


: 699. The Cleaning and Bactericidal Treatment of Milking Machines. U. 
3 D. FRANKLIN, State Dept. Pub. Health. Jour. Med. Assoc. State 
* Alabama, 11, No. 7: 256-258. 1942. 
A practical and effective method for the cleaning and bactericidal treat- 
ment of milking machines is described. R.E.L.B. 


CREAM 


700. Sweetening Agents in the Manufacture of Ice Cream. KenNetH M. 
Renner, Texas Technol. Col., Lubbock, Texas. South. Dairy 
Prod. Jour., 32, No. 1:32. July, 1942. 


The results of studies on several sweetening agents for ice cream are 
briefly reviewed. The following conclusions are drawn by the author: 

‘*From 25 to 30% of the sucrose (cane or beet sugar) can be replaced 
by corn sweetening agents without encountering any material difficulties 
in the rate of freezing, rate of whipping, or the rate of melting in the 


finished ice cream. 
a ‘‘When difficulties are encountered with 25 to 30% replacement with 
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respect to rate of freezing, rate of whipping, and rate of melting, they can 
usually be overcome by using a colder freezing temperature, whipping the 
ice cream at a softer consistency than usual, and by maintaining a colder 
temperature in the ice cream hardening and dispensing cabinets. 

**In high fat mixes dextrose used in place of a part of the cane or beet 
sugar will usually give a better flavor to the ice cream than is secured by 
cane sugar alone. In low fat mixes the flavor of the corn sweeteners is 
more readily detected. 

**Dipping losses when corn sweeteners are used may be minimized by 
using a lower temperature in the ice cream cabinet. When the dipping 
temperature is lowered approximately one degree Fahrenheit for each one 
per cent dextrose added, no difficulty will be encountered. 

‘*Other sweetening agents that may be used to replace a portion of the 
cane sugar in the ice cream mix are Invert Sugar, Honey, Ribbon Cane 
Syrup, and Sorghum Syrup. 

‘The following table represents data on sweetening agents used as com- 
pared to cane or beet sugar, the a1zounts to use and the percentage replace- 
ment the amounts to use and the percentage suggested.’’ 


Pounds required 
aut to secure same Percentage 
Sweetener sweetening as 1 replacement 
lb. of cane or suggested 
beet sugar 
Cane or beet sugar .. inning 100 0.2 | 1.0 100 
Corn sugar (dextrose) .. se 83 7.2 | 1.1 25-30 
Invert corn syrup (sweetose) 67 17.0 1.5 25-30 
Corn syrup solids — wand 49 3.5 2.0 25-30 
Invert sugar sol. ............... 140 iaidaas 1.0 25 
70-75 17.5 1.28 25-50 
Ribbon cane sy rup 2.0 25 
Glucose .. bid 80 1.25 25 
F.W.B. 


701. Cleaning Compounds for the Ice-Cream Industry. D. V. JosepHson, 
Pa. State Col., State Col., Pa. Ice Cream Field, 40, No. 2: 8. 
1942. 


It is claimed that a good cleaning compound should have the ability to 
(1) soften water, (2) wet surfaces to be cleaned, (3) suspend dirt and other 
material in the washing solution, (4) emulsify fats, (5) rinse surfaces clean, 
and for certain purposes destroy bacteria. 

Under the heading of basic alkalies the author describes sodium bicar- 
bonate, sodium carbonate, trisodium phosphate, sodium hydroxide, and 
sodium metasilicate. It is stated that most commercially used water soften- 
ers are complex phosphates and tetrasodium pyrophosphate. Wetting 
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agents are surface active materials which often exhibit great emulsifying 
powers. Sulphonated alcohols, ethers, hydrocarbons, and pine oil are classi- 
fied in this group, and it is stated that their incorporation to the extent of 
2-5% of the cleaning compound markedly improves the desirability of such 
preparations. 

Various miscellaneous materials are added in the compounding of wash- 
ing preparations. Thus indicators are added to give color; certain am- 
monium salts are frequently incorporated into mixtures intended for glass 
or dish washing ; rosin, borax, and soaps are used in compounds for cleaning 
greasy floors; abrasive material is included for certain types of cleaning; 
acetic, tartaric and citric acids are widely used in removing milk stone com- 
pounds. Mention is also made of the use of acid detergents for can wash- 
ing. The careful selection of washing preparations depending upon the 
nature of the cleaning problem and their efficient use is emphasized. 


W.C.C. 
MILK 


702. A Study of Sonized Soft Curd Milk Prepared from Certified Milk. 
Harry S. Brkorr, SAMUEL S. Brown, Epwarp W. ZUKAUCKAS AND 
JosEPH C. REGAN, Chairman. N. Y. State Med. Jour., 41, No. 20: 
2052-2057. 1941. 

This report, made for the Milk Commission of the Medical Society of the 
County of Kings by a special committee (see above), is almost the same as 
that submitted to the Department of Health, New York City, on Feb. 1, 
1940, except for a few minor changes. Sonic certified milk is an easily 
digested milk. The condition of comfort of the babies studied and the 
symptoms of erying, regurgitation, vomiting, abdominal distention, colic and 
hiccups so often associated with cow’s milk, especially during the first few 
months of life, generally showed a rapid and marked improvement after 
sonized certified milk was started. R.E.L.B. 


703. Homogenized Milk. A New Development in the Adaptation of 
Cow’s Milk for Infant Feeding. Irvine J. WotmAn, Children’s 
Hospital of Philadelphia, Philadelphia, Pa. Pa. Med. Jour., 44, 
No. 6: 735-738. 1941. 


An address. R.E.L.B. 


704. Newer Developments in Quality Milk Production. Jon G. Harp- 
ENBERGH, Walker-Gordon Lab. Co., Ine., Plainsboro, N. J. Jour. 
Med. Soe. N. J., 38, No. 1: 20-23. 1941. 


An address. R.E.L.B. 


: 
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705. Bacteriological Aspects of Farm Milk Cooling. T.G. ANDERSEN, Pa. 
State Col. Milk Plant Monthly, 37, No. 8: 26. Aug., 1942. 


In addition to a brief review of some of the more recent studies on farm 
cooling of milk the author reports results of bacteriological studies on the 
various levels of milk in 10-gallon cans under ordinary tank cooling and 
under adequate electrical cooling. Bacteriologically high-quality milk was 
often reduced to inferior quality in 12 hours by inadequate cooling. 90°. of 
the organisms in a can of cooled milk were found to be in the top or cream 
layer probably as a result of (1) the straining out of the contained bacteria 
by the rising fat globules, (2) favorable oxygen relationships for bacterial 
growth, (3) a sufficient food supply for bacterial growth, and (4) a slow 
rate of cooling at the surface permitting sufficiently high growth tempera- 
ture. Farm milk cooling by the tank method with water above 50° F. and 
without agitation did not afford adequate protection against bacterial growth 
whereas electrical farm milk cooling of evening’s milk was adequate from 
the bacteriological standpoint. Cooling milk entirely and quickly to a tem- 
perature below 50° F., preferably 40° F. is advised. Temperature increase 
during two-hour transportation on an open truck ranged from 12 to 21° F. 
depending upon the air temperature and the proximity of cold cans to warm 
cans of morning milk. G.M.T. 


706. The Behaviour of Resazurin in Milk. (C.K. Jouns, Dom. Dept. Agr., 
Ottawa, Canada. Cada. Jour. Res., 20, No. 6: 336. June, 1942. 


The view has been expressed (see JOURNAL Or Dairy ScreNcgE, Abs. No. 
936, p. A374, 1941) that resazurin is not a satisfactory substitute for 
methylene blue in assessing the hygienic quality of milk. 

Additional evidence is presented that resazurin is equally as sensitive 
as methylene blue to the metabolic activities of bacteria in milk. It is decid- 
edly more sensitive to the presence of non-bacterial factors in abnormal 
milks (mastitis, late lactation, ete.) and therefore furnishes a more compre- 
hensive index of the true quality of the milk. 

No support was found for the view that resazurin exerts such a strong 
poising action in milk as to interfere with the interpretation of results, nor 
were milks found to vary significantly in their poising properties. Time- 
potential curves for milks containing methylene blue, resazurin and various 
reducing substances are presented as well as those of milks from abnormal 
udders. O.R.L. 


707. Paying Producers for Fat and Solids-not-Fat in Milk. Rupoten K. 
FROKER AND CLirForD M. Harpin. Wis. Agr. Expt. Sta. Res. Bul. 
143. Feb., 1942. 
The purchase of milk with consideration to weight and fat content alone 
is not satisfactory, especially under present conditions of wide fluctuations 
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in government purchases. This bulletin is concerned with an equitable 
method of paying for both the fat and solids-not-fat in milk used for any 
purpose. 

Consideration was given to the fact (1) that for each 0.1% variation in 
fat there is a corresponding change of 0.04% in the solids-not-fat, (2) the 
market value of each product into which the milk is made must be taken 
into account, and (3) certain costs of handling and manufacture must be 
deducted. In final form the milk is paid for on the basis of a definite flat 
rate per hundredweight of milk with a proper fat differential, these prices 
depending upon the market value of the products for which the milk is used. 

Illustrations are given for milk prices for creameries, cheese factories, 
condenseries, and fluid milk markets. The primary value of the methods 
lies in the consideration given to the composition of the milk, the economic 
value of the products manufactured, and the interlocking of these values 
into one price per hundredweight with a fat differential. 

The original bulletin must be studied for details of the calculations. 

A.C.D. 


708. Efficiency of Milk Marketing in Connecticut. (2) Transportation 
of Milk. D. O. HAMMERBERG AND W. G. SuLLivaN. Storrs Agr. 
Expt. Sta. Bul. 238. 1942. 


This study led to three major conclusions: (1) Milk transportation is 
inefficiently organized. (2) The charges made for hauling milk are not in 
proportion to the costs of performing the service. (3) A monopolistic situa- 
tion frequently exists as far as the sale of milk is concerned which often leads 
to charging excessive hauling charges. 

The author recommends consideration of public regulation of the hauling 
of milk so as to eliminate excessive charges and to bring about greater effi- 
ciencies by consolidating routes and eliminating the inefficient ones. The 
concentration of the assembly function in the hands of a private company 
was suggested as the most desirable form of control. In order to achieve 
the most efficient organization it is recognized that there must be full partici- 
pation from all producers concerned. P.H.T. 


709. New Method of Cleaning Milk Cans. V. Scnwarzuopr, Lathrop- 
Paulson Co. Milk Plant Monthly, 31, No. 1:50. Jan., 1942. 


A good cleaning agent should be (1) effective in removing milk fat, milk 
solids and other foreign material quickly, (2) be effective in emulsifying the 
loosened particles for quick removal, (3) prevent the formation of sludge, 
(4) rinse freely and completely, (5) prevent scale deposit on can and 
machine, (6) not have any injurious effect upon the tinned surface of the 
can or the metal in the machine, (7) be of low cost so wash and rinse water 
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ean be continually changed to prevent accumulation of milk fat and solids 
in wash and rinse water, (8) be easily prepared and utilized, (9) deliver 
finished can either with neutral or slightly acid surfaces, (10) be non-toxic, 
and (11) accomplish all the above at temperatures at or above the boiling 
point as such temperatures are desirable for effective sterilization. 

The new method of washing milk cans, called the conservation method 
because it conserves steam, water and detergents, embodies the use of an 
acid detergent. Sufficient acid detergent is added to bring the wash water 
slightly under pH 7, which is maintained throughout the washing process. 
Results obtained indicate that (1) cleaner and more nearly sterile cans are 
obtained, (2) the numbers of thernoduriec, thermophilic, lipolytic and pro- 
teolytic bacteria are greatly reduced, (3) the reduction in cost of washing, 
sterilizing and drying cans is enormous, (4) the receiving room is quieter 
and more comfortable because of reduction in amount of steam used and 
elimination of the steam jet for sterilization, (5) and that exhaust fans are 
not needed in the vent pipe of the can washer. Assumptions are made that 
sterile cans may soon replace relatively sterile cans, that costs will be further 
reduced and that ean life will be prolonged. G.M.T. 


710. Relation of Chocolate Milk to Total Fluid Consumption. M. A. 
Scars, Dept. Agr. Econ., anp G. Hapary, Univ. Wise., Madison. 
Milk Plant Monthly, 31, No.3: 28. March, 1942. 


A survey was made to determine what differences exist in total milk con- 
sumption among families buying chocolate milk and those who do not. The 
study was made with a test city of 60,000 population. The results showed 
that on a fluid milk basis the per capita milk consumption among chocolate 
milk buyers was 21% greater than that of non-purchasers of chocolate milk. 
A study of per capita consumption of chocolate milk among the different 
income groups was made and findings showed that there were 29%, 33% 
and 14% increases among the high, medium, and low income groups, respec- 
tively. 

There was a tendency for those using chocolate milk to be more uniform 
in their milk drinking habits than the non-users of chocolate milk. These 
findings have been substantiated by work in other cities. G.M.T. 


711. Ways of Conserving Tires and Reducing Other Expenses in the Dis- 
tribution of Milk. R. ANpEeRsoN anp L. Spencer, Dept. Agr. 
Econ. and Farm Mangt., N. Y. State Agr. Col., Cornell Univ., 
Ithaca, N. Y. Milk Plant Monthly, 31, No. 3: 24. March, 1942. 


The adoption of alternate-day delivery offers the most promising change 
in milk delivery systems from the viewpoint of tire conservation and 
cost saving. Introduction of a schedule of discounts for volume de- 
livery to consumers makes it possible for any distributor to adopt the system 
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whether competitors follow out the plan or not. The volume discount system 
or use of larger-than-quart-size containers results in considerable saving 
of delivery time though not in truck mileage. 

“Smaller but considerable savings can be made in other ways: (1) By 
discounting or exchanging customers that are expensive to serve, such as 
customers at a distance from main route, single or scattered stops in apart- 
ment houses, and split stops as stores, restaurants, ete.; (2) By drastically 
curtailing call-backs and special deliveries ; and (3) By changing from early- 
morning to daylight delivery.”’ G.M.T. 


712. Production and Prices of Milk in the Springfield-Holyoke-Chicopee 
Milkshed in 1935. A. A. Brown anp M. Bootn. Mass. Agr. 
Expt. Sta. Bul. 389. Feb., 1942. 


This is the third in a series of statistical studies pertaining to the milk 
supply of the area indicated (see Mass. Bul. 363 and 364). The most im- 
portant conclusion reached has to do with price-fixing policies. The studies 
indicate that for such secondary markets the policy of pricing milk F.O.B. 
the farm has much in its favor, as contrasted with the present practice of 
fixing prices F.0.B. the market. It is claimed that price fixing F.O.B. the 
farm would result in lower transportation costs and greater market stability, 
in addition to lifting from the producer the burden of ofttimes excessive 
costs resulting from the present system. 

It is also pointed out that relatively low per capita milk consumption is 
due largely to economic causes and that under our present distribution sys- 
tem remunerative prices to producers and simultaneously attractive prices 
to consumers are incompatible. If the consumption of milk is ever to reach 
even the minimum suggested by nutritionists as essential in the daily diet, 
the costs of servicing must be reduced either by publie subsidy or by 
eliminating some of the services now performed and performance of others 
by the consumer. ‘‘It seems unlikely that anything but outright public 
support of distribution will encourage the increase in consumption that 
nutritionists say is desirable.’’ J.G.A. 


713. Efficiency of Milk Marketing in Connecticut. D. O. HAMMERBERG, 
L. W. Parker, AND R. G. Bressier, Jr., Univ. Conn. Univ. Conn. 
Bul. 237. 1942. 


Since most dealers buy milk on the use classification basis, there are a 
great many different prices in each metropolitan district. This condition 
is reflected in the irrational and inefficient location of producers and of milk 
sheds. 

The results of the study show that it is possible to allocate producing 
areas to milk markets in a manner that will minimize the costs of moving 
milk from farms to markets. 
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Further economics would result from the addition of country separating 
plants in several sections of the state. 

With optimum organization of trucking, the revision of areas would 
decrease the total distance traveled nearly 16° or approximately 550,000 
miles per year. P.H.T. 


714. Reducing Truck Mileage in Retail Milk Delivery. J. A. Hircicock, 
Vt. Agr. Expt. Sta. Vt. Agr. Expt. Sta. Bul. 491. 1942. 


It is estimated that 80° of the present truck mileage in house door 
delivery is unnecessary. An elimination of all duplication could be accom- 
plished only by placing the delivery in the hands of one agency. 

Nearly all stores selling milk in the area studied (Burlington and 
Winooski) have sufficient refrigerator space to store two days’ supply of 
milk and cream. Practically 96% of the homes in Burlington and Winooski 
have either electrical or ice refrigeration. 

These studies were made for the purpose of considering the feasibility of 
every other day delivery of milk. fk 


715. Bottled Milk Deliveries. H. B. EtLensBercer, Univ. Vt. Univ. 
Vt. Bul. 486. 1942. 


A study of the delivery systems used by milk dealers of Burlington, Ver- 
mont, has shown that 41 routes covered the same territory in many cases. 
The delivery equipment of 21 to 37 competing companies was found to 
operate on some of the same streets. Data regarding the amount of milk 
and cream delivered, the distance traveled, number of stops, and time re- 
quired was secured on the different routes studied. P.H.T. 


PHYSIOLOGY 


716. Lactational Performance and Body Weight. Samvuet Bropy, Dept. 
Dairy Husb., Univ. Mo. Science, 95, No. 2471: 485-486. 1942. 

The relation of milk-energy production to body weight in mature cattle, 
dairy goats and white rats is shown graphically. The data are generalized 
by the equation, Y=aW?”, where Y represents milk-energy production and 
W body weight. The precise numerical value of the slope b varies with the 
relative ‘‘dairy merit’’ of the animals. The significant fact is that milk- 
energy production tends to vary with W” and the value of b is of the order 
of 0.7 + 0.1. Within a given gross energetic-efficiency class of milk produe- 
tion (ratio of milk-energy produced to digestible feed-energy consumed), 
the larger the animal the less the labor cost per unit milk-energy produced 
and, if other conditions are equal, the greater the profit per unit milk pro- 
duced, and still greater per animal and per herd. However, it is not known 
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how total maintenance cost varies with increasing body weight. The gross 
energetic efficiencies of milk production in the small animals were higher 
than in the large: cows 31%, goats 35% and rats 44%. These differences 
may be fortuitous, but they may also indicate that total maintenance-energy 
cost rises more steeply with increasing body weight than milk-energy produe- 
tion, due either to selection factors or to physicochemical interrelations 
having a similar effect. R.E.L.B. 


717. The Effect of Nicotine on Lactation in White Mice. J. Roperr 
Wittson, Dept. Obstet. and Gynee., Univ. Mich. Med. School. 
Amer. Jour. Obstet. Gynec., 43, No. 5: 839-844. 1942. 


The effect of the daily oral administration of 0.5, 1.0, or 2.0 mg. nicotine 
on lactation, as shown by the weight gains in the offspring, was studied in 
white mice through 3 consecutive litters. The litter size showed a slight 
but consistent reduction with increasing doses of the drug. However, the 
controls and the treated animals exhibited no remarkable differences in 
mortality rate, birth weight or weight gain during the period of lactation. 
All these factors varied markedly within each individual group. It is con- 
cluded that lactation in white mice is not impaired by the ingestion of 
nicotine. R.E.L.B. 


718. The Inhibition of Lactation During the Pusrperium by Methyl 
Testosterone. Paut M. Lass, Dept. Obst. and Gynec., Columbia 
Univ. and the Vanderbilt Clinic. Amer. Jour. Obstet. Gynec., 43, 
No. 1: 86-93. 1942. 

Methyl testosterone, in adequate dosage and given at the proper time, is 
of definite value in the postpartum inhibition of lactation. The optimal 
oral dosage is about 250-300 mg. in divided doses over a period of 36 hours, 
starting about 36 hours after delivery. It may also be administered after 
the actual onset of secretion with beneficial results. There were no asso- 
ciated symptoms of intolerance. R.E.L.B. 


719. Ovulation and Its Relation to Estrus in Cows. A. NALBANDOV AND 
L. E. Casma, Univ. Wis., Madison. Jour. Anim. Sci., 7, No. 3: 
189-198. Aug., 1942. 


A total of 72 estrual periods on 22 grade dairy cows were studied. There 
was a marked tendency for ovulation to occur after the end of estrus, usually 
approximately 14 hours. The mean time of day for estrus to end was be- 
tween 8 and 9 p.M., while the mean time of ovulation was approximately 11 
a.M. The later the hour that heat ended the shorter the interval from the 
end of heat to ovulation. The later the hour of ovulation the longer the 
interval from the end of heat to ovulation. The later the hour that heat 
ended the later was the hour of ovulation. C.F.H. 
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720. Correction of Heat Production for Changes in Live Weight of Cattle 
in Balance Experiments. R. W. Swirt, Pa. Agr. Expt. Sta., State 
College. Jour. Anim. Sci., 1, No. 2: 145-148. May, 1942. 


A method of correction of heat production of cattle on account of changes 
in live weight in the course of energy metabolism experiments is presented. 
This correction is based on the balances of carbon and nitrogen coincident 
with the changes in live weight. It is based upon the results of the balances 
of nitrogen and carbon rather than live weight changes as indicated by 
scales. 

Data are presented which illustrate that animals may be losing weight 
according to the scales but actually gaining in weight of body tissue as 
shown by carbon and nitrogen balances. The variation in the fill of cattle 
results in an error when body weights are measured by scales. C.F .H. 


721. Milk Yields and Milking Rates of the Individual Quarters of the 
Dairy Cow Udder. C. A. Matuews, W. W. Swett, anp R. R. 
Graves. U.S. Dept. Agr. Tech. Bul. 827. Oct., 1941. 


Ninety-four cows milked twice a day with a combine milker were used 
in this study. Average yields from each quarter in terms of total yield 
were: left rear, 29.2%; right rear, 29.0% ; right front, 21.6% ; left front, 
20.2%. Milk yields of opposite quarters were frequently not alike. The 
yield data indicate that the differences in relative milk yields from front 
and rear quarters may be more pronounced between families than between 
breeds. 

Changes in milking rates brought about by different conditions show that 
the front and rear quarters were affected in very much the same manner. 
Certain characteristics of the milking process are common to all quarters 
of the udder in machine-milked cows. Not only do milking rates vary dur- 
ing the course of a single milking, but they also vary from one milking to 
another if there are differences in the total milk yields. Higher milk 
yields result in higher rates in pounds per minute, and whether from sepa- 
rate quarters or for the entire udder also require a little longer milking 
time, but the percentage increase in time required is much less than the 
percentage increase in milk yield. J.G.A. 
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722. Introducing “Foamglas’—A New Insulating Material. ANony- 
mous. Ice and Refrig., 103, No.1:9. July, 1942. 


Foamglas is a product introduced by the Building Materials Division 
of the Armstrong Cork Company. It is a non-priority product, consisting 
of glass in block form which weighs only 1/15 as much as ordinary glass. 
It is said to be a perfect vapor barrier. It is fire and waterproof. It will 
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not rot, mold or decay. It is vermin proof and odorless. It is manufac- 
tured by firing ordinary glass mixed with pure carbon. As the carbon is 
converted into a gas a cellulated product is obtained. L.C.T. 


723. Frozen Fruit and Vegetable Research Indicates Desirable New 
Products for Lockers. H. H. PLAGGE aNp BELLE Lowe, Iowa Agr. 
Expt. Sta., Ames, Iowa. Ice and Refrig., 102, No. 6: 357. June, 
1942. 

To the dairyman this is an informative article if, in connection with his 
dairy business, he also operates a food locker plant. It discusses the various 
varieties of vegetables and fruit, their growing, packing and storage charac- 
teristics, together with a description of the final product that may be ex- 
pected after locker storage. Convenient tables giving these various charac- 
teristics are included. L.C.T. 


724. Insulation of Cold Pipes. ANoNyMous. Ice and Refrig., 103, No. 2: 
105. Aug., 1942. 


The article in question deals with the use of Mineral Wool Felt and has 
been prepared by the Industrial Mineral Wool Institute. The subject mat- 
ter of the article is broken down into eight headings: (1) Recommended 
thickness, (2) preparation of surface, (3) application of mineral wool felt, 
(4) fittings, (5) finish on straight piping, (6) finish on valves and fittings, 
(7) finish on valves and fittings (alternate), (8) plumbing. 

Since the article is in outline form, it is inadvisable to discuss each of 
the above in this abstract. Item number 1, however, may be quite valuable 
for general reference and is therefore reproduced. 


Operating Temperature Total Built-up [sulation Thickness 
45° F. to 15° F. 2 inches 
15° F. to — 5° F. 3 inches 

- 5° F. to —20° F. = 

20° F. to -—40° F. 


- 40° F. to — 60° F, 


L.C.T. 


725. Conserving Equipment. E. C. Damrow, Damrow Bros. Co., Fond du 
Lae, Wis. Dairy World, 21, No. 3: 20. Aug., 1942. 


The author discusses the conservation of cheese plant equipment in the 
light of the extreme shortages of steel, copper, tin and other metals. The 
necessity for replacing 800 cheese vats every year could be cut down fully 
one-third and other equipment in proportion if conscientious efforts were 
made. It is suggested that vats be taken apart and cleaned at least once 
a vear and the metal shell repaired and painted on the jacket side. Cheese 
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hoops should be cleaned and oiled before putting away for the season. Sepa- 
rators should run smoothly. Bearings should be frequently checked. Dises 
should be tight in the bow] and not allowed to rust. Can washers last only 
as long as they are kept in good mechanical operating condition and unless 
they deliver a dry can, the can will rust. It is suggested that the slack 
season be utilized in servicing, repairing and conditioning cheese plants and 
equipment to eliminate any possibility of breakdown or failure next spring 
when quick repairs and replacement may be impossible. F.J.D. 


726. New Material for Milk Plant Floors. L. D. DuNN, Creamery Pack- 
age Mfg. Co. Milk Plant Monthly, 37, No. 1:41. Jan., 1942. 


A satisfactory flooring for creameries and milk plants should be (1) 
economical, (2) hard, long wearing, (3) non-porous and, (4) non-slippery. 
Types of floors that are in common existence now are those made of concrete 
and tile. A relatively new floor which possesses the properties of a satis- 
factory floor is an Emery Aggregate concrete topping. This floor surface 
resists lactic acid attacks, is non-porous, tough, and extremely hard. . Other 
properties of this floor is its great tensile strength and its ability to absorb 
but little moisture. 

This covering may be satisfactorily used on old base slabs as well as new 
ones, and for patching. A covering of } inch is satisfactory for most pur- 
poses, while a thickness of 1 inch is used on extra heavy duty floors such 
as loading platforms and receiving rooms. Various color combinations may 
be used for floors in lobbies, reception rooms and offices. G.M.T. 
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NOTICE TO CONTRIBUTORS 


Authorship of Original Articles and Reviews.—Space in the Journal is reserved 
for the publication of original research voluntarily submitted by members of the 
association to the JouRNAL and review articles by invitation. In the ease of joint 
authorship the membership ruling applies to one author only. 

Papers that have already appeared in print or that are intended for simulta- 
neous publication elsewhere, will not be accepted. 

Manuscripts——Manuscripts should be submitted in double spacing on one side 
of suitable 83”*11” paper. The original copy—not the earbon—should be fur- 
nished, packing it flat—not rolled or folded. All illustrative and tabular material 
should accompany the manuscript. The position of each illustration and of each 
table should be clearly indicated in the text. 

In the case of manuscripts, other than review articles prepared by invitation, 
that contain more than 12 printed pages, the author is charged at the rate of $5.00 
per page for all pages in excess of twelve. This charge is Omitted in the case of 
articles of extraordinary merit. 

Manuscripts voluntarily submitted, when approved for publication, will be pub- 
lished in the order of their receipt. Manuscripts should be sent to the Editor, T. 8. 
Surron, Plumb Hall, Ohio State University, Columbus, Ohio. 


Drawings.—Drawings, diagrams and charts for illustrations should be prepared 
for reproduction as line drawings or halftone engravings. The original drawings 
should be done in India ink on white or blue-white tracing cloth, tracing paper, or 
Bristol board and neatly lettered in India ink. Legendary material on the drawing 
should be neatly lettered in India ink—not typewritten. 

The original drawings—not photographs of the drawings—should accompany 
the manuscript. Illustrations not in proper finished form will be prepared for pub- 
lication and the author charged for the cost of the work. 


Photographs.—Photographs for halftone reproductions should be glossy prints, 
free of all imperfections. 

Legends.—All illustrative materials, both drawings and photographs, should be 
accompanied by appropriate legends, typewritten on a separate sheet of paper. 

Tabular Material—Tabular material in the manuseript should be clear, concise 
and accurate. Simple tables are more effective than complicated ones. If possible, 
tables should be so organized that they may be set crosswise of the page. In many 
instances it is possible to materially improve the appearance and usefulness of 
tabular material without saerficing completeness of information, by condensing 
detailed data and presenting them in a siniple table summarized form. 

References.—References should be listed alphabetically as to authors and num- 
bered; and citations in the text should be made by the number in parentheses, corre- 
sponding to the number in the reference list. 

Each reference should contain the following data in the following order: Name 
and initals of author or authors; title of the article referred to; principal words in 
the titles of all articles should be capitalized; name, volume, number, page number 
and year of publication. 

Abbreviations of the titles of publications should conform to the standard set 
by the United States Department of Agriculture given in U. S. Dept. Agr., Mise. 
Pub. 337, April, 1939. 

For uniformity of punctuations the references should conform to the tollowing 
example: (1) Jones, L. W., anp Situ, J. D. Effect of Feed on Body of Butter. 
Jour. Darry Sct., 24: 4, 550-570. 1941. 


References should be carefully checked for accuracy by the author. 
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The Gaulin Homogenizer is sanitary, easy to clean and approved by all 
leading health boards. 

It is now available in 50 gallon to 2000 gallon per hour capacities and 
each is equipped with the Gaulin Two Stage adhe patented feature. 
The Gaulin is the ideal all purpose machine—used for processing Ho- 
mogenized Milk, evaporated milk, ice cream and any other dairy prod- 
uct demanding a uniform fat dispersion with regulated viscosity. 


MANTON-GAULIN 


TWO STAGE 


HOMOGENIZER 


fe THE MANTON-GAULIN MFG. CO., INC. 


descriptive— 


Write fort. | 7 CHARLTON STREET EVERETT, MASS., U.S.A. 


IU take Milk! 


THE COMPOUNDING OF 
FINE VANILLA FLAVORING 


IS AN 
ART 


The leadership of Mixe- 
van for quality is the 
result of over 30 years 
specialized experience. 
Its uniform character 
is achieved through ex- 
pert knowledge, indi- 
vidual selection of 
beans, extra develop- 
ment of the bouquet, 
intricate compounding 
and special grind ¢g 
technique .. . It is the 
ultimate in fine flavor- i 
ing for dairy products. ff 


MICHAEL'S MIXEVAN 
AMERICA'S FLAVORITE 


MADE FROM BOURBON AND | 
MEXICAN VANILLA BEAN, 
_VANILLIN AND SUGAR 


A DELIGHTFUL MELLOW MILD FLAVOR 


DAVID MICHAEL & CO 
‘VANILLA PRODUCTS 


NT AND MASTER STS. 


PHILADELPHIA. 
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FLAV-0-LAC 
FLAKES 


THE CULTURE 
of definitely better 
flavor & aroma-pro- 

ducing qualities. 


The standard with 
foremost operators, 
agricultural schools & 


o enue 
colleges. ‘NE STANDARD CuLTE® 
* 


FLAV-0-LAC FLAKES 
(shown) produce a \ y 
quart of the finest 
starter on a single 
Single 
ottles $2.00. 


SPECIAL FLAV-0-LAC FLAKES “40” 


produce 40 quarts of starter on a singie prop- 
agation. Single bottles $3.00 


Free Culture Mannual of Fermented Milk Prod- 
ucts on request. 


Pioneers in Spectro-chemical, Chemical and 
Fluoro-photometric Determinations of Vitamins 
A, Bi, Be, Nicotinic Acid, Pantothenic Acid, Be, 
C & E in Dairy and Food Products. (Vitamin 
D excluded) inquiries invited. 


THE 
DAIRY LABORATORIES 
28rd & Locust Sts., Phila., Pa. 


BRANCHES 
New York Balt 


imore Washington 
See our catalog in Dairy Industries Catalog. 


MARSCHALL 


RENNET 


FOR PERFECT RE- 
SULTS IN CHEESE 
MAKING! AMERICA’S 
FAVORITE BRAND— 
IT IS ALWAYS 
STRONG, PURE AND 
UNIFORM. 


Marschall Dairy 
Laboratory 


Incorporated 
Madison, Wisconsin 


SLALKAP 
FROTECTS 


-..to the last drop 


BABY'S FORMULA: Pure milk BREAKFAST: Bottle opened. 
guarded against danger of con- Seal-Kap re-sea/s, completely 
tamination by Seal-Kap. covering the pouring lip. 


LUNCH: Bottle opened again. DINNER: The last drop is still 
Seal-Kap still on guard against dairy-pure, thanks to the sure 
dirt, dust and ice-box odors. protection of Seal-Kap. 


Old style bottle caps protect milk on/y until 
the bottle is opened. Then their protection 
is gone. 

That’s why we designed Seal-Kap closures 
to re-seal...completely covering the pouring 
lip of the bottle—thus protecting the milk 
right down to the last drop. 

Today, Seal-Kap is working hand-in-hand 
with health officials and sanitarians in their 
vital war-time job of protecting the health 
of America’s future generations! 


AMERICAN SEAL-KAP CORPORATION 
11-05 44th Drive, Long Island City, New York 


SEAL-KAPS ALWAYS RE-SEAL 


Your advertisement is being read in every State and in 35, Foreign Countries 
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@ Today CP equipment in stock and avail- 
able for reasonably prompt delivery on proper 
priority rating includes Refrigerating Units, 
Bottlers, Pasteurizers, No-Roll Churns and Coil 
Vats. If you really need one or more of these 
machines to keep operating, let us help you de- 
termine your present priority position. 


A CP salesman will gladly go over your 
problem with you end help you work out a priority 


application completely and clearly presenting your 
case. 


THE CREAMERY PACKAGE MFG. CO. 


1243 W. Washington Blvd., Chicago, Il. 


Branches: Atlanta — Boston — Buffalo — Chicago — Dallas — Denver — Kansas Cit 
— Los Angeles — Minneapolis — New York — Omaha — Philadelphia — Portland, 
Oregon — Salt Lake City — San Francisco — Seattle — Toledo — Waterloo, Iowa 
Creamery Co. of Canada, Ltd., 
267 King St., West, Toronto, Ont., Canada 


MINUTES OF MAINTENANCE add MONTHS TO MACHINES 
Your advertisement is being read in every State and in 25 Foreign Countries 
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| 


Detection of 


MOLDS and YEASTS 
in Dairy Products 


| Dextrose Agar is 
recommended for determination of the mold and yeast count of butter. 
This product is also used extensively for isolation and cultivation of 
molds and yeasts in other dairy products. 


in “Standard Methods for the Examination of Dairy Products” of the 
American Public Health Association. Medium prepared from the 
dehydrated product conforms in every way to the standard medium. 
After sterilization the medium will have a reaction of pH 5.6 which may 
readily be adjusted to pH 3.5 by addition of sterile tartaric acid. 


Bacto-Potato Dextrose Agar is prepared according to the formula specified 


Becto-Malt Agar is also an excellent 
medium for detection of molds and yeasts in butter. This medium is 
widely used for determining the mold and yeast count of butter and 
other dairy products, and is particularly useful in revealing sources of 
contamination by these organisms. 


Bacto-Ma!'t Agar is readily prepared and has a reaction of pH 5.5 after 
sterilization in the autoclave. This reaction may readily be adjusted to 
pH 3.5 by addition of lactic acid. 


Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 


Dirco LABORATORIES 


INCORPORATED 
DETROIT, MICHIGAN 
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